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DESIGN OF AIRCRAFT REVETMENTS

ABSTRACT

~ Alr flow over two-dimensionsal model revetments, mounted in the 4 x 15 Inch
Shock Tube, was traced by means cf cigarette smoke grids photogrephed by a high
sﬁeed freming camers. Tables of denslities, flow speeds, and directions of flow,
camputed from the photographs, are gilven for an input shock weve of 8,3 psi
aversge overpressure. Flow vectors are shown to 1llustrate the differences in
the flow patterns for the different revetments tested.
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LIST OF SYMBOLS

coefficlent of drag

coefficlent of 11ft

moment coéfficient

mean serodynemic chord

drag parallel to alr flow

;ift perpendicular td alr flow

pltching moment

free stresm shock overpressure

shock overpressure within the model

dynamic presaufe

free stream dynamic pressure behind the shock wave
time, beginning when the free stream shock wave passed the inside, bottom
edge of the upstream revetment

time between camera frames

flow speed

free stream flow speed behind the shock wave

free stream shock front speed

welght of aircraft

'position coordinates measured from inside, bottom edge of upstream revetment

angle of attack

flow deflection angle measured from horizontal

' coefflclent of static friction

density
amblent density ahead of the shock wave

free stream density behind the shock wave
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1. INTRODUCTION

The present study of pressure and flow patterns in model revetments was
underteken to detefmine the design requirements for & revetment suiteble for
the protection of perked aircraft and semi-mobile misslileas. Such design re-
quirements are important to both the offensive and defensive planner. Infor-
metlon about ailrcraft protection by revetments is required by both the Alr
Force Intelligence and the Ailr Force, and Army Tacticael Commands.

Previocus experiments, Reference 1 - 5, with both laboratory shock weves '
and with field produced blast waves have shown that protection ageinst dreg-type
damage 1s given by a shleld placed upstream of the object to be protected.

For purposes of comparative study, the dynamic pressure, 1/2 p u2, st & point
behind the shield has been used as an indilcator of the damage potential for
given points within the flow field. The experiment described here is designed
to measure the denslty, p, and the flow speed, u, for an lnput shock wave of
constant pressure croesing a two-dlmensional revetment model placed in the

4 x 15 inch shock tube.

The smoke stream technique, References 6 and 7, was modified by creating
a grld from clgarette smoke. The smoke grid was used to trace the movement of
the alr flow past the model. The change in grid area as 1t moved with the flow
indicated changes in density of the alr flow.

This smoke technique wes used with high speed photography which enatled both
velocity vectors and density to be found for specified points within the model
as & function of the travel time across the model. An illustration is given ex-
plaining how the flow patterns obtalned by the smoke stream technique may be
combined with a prior knowledge of the aserodynemic and vulnerability characteris-
tics of a particular parked ailrcraft or missile to enable & prediction of its
movenent or demage to be made.



2. DESCRIPTION OF THE APPARATUS

2.1 General Description

A schematic of the apparatus i1s shown in Figure 1. The smoke generator and
model revetment are sliown separately below and are omltted from Figure 1 for pur-
poses of clarity.

A conventional air-driven 4 x 15 inch shock tube, operated at an average
ambient pre-shot pressure of 14.8 pei, wes used for the experiment. Tracings of
the characteristic shock waveforms are shown in Figure 2. About 1.1 msec, Figure
2-0;'of the initiel step portion of the shock wave was used to furnish data for
the experiments. The input pressure was considered constant for the purposes of
this experlment since the variation in weveform was small over this time intervsl.

The revetment model was mounted at the ilnside top of the test section to

avold pleces of "Mylar" dlaphragm material from accumulating inside the model.
The model 1s described in Seetion 2.4 .

A Model 357 ASCOR Speedlight flash lemp was modified by attaching to it a
reflecting cone with a small G.l-inch diemeter hole at the small end closed by &
plece of glass from a frdsted light bulb-glued over the holg. This served as a
sufficlently small polnt source for the 9-inch dlameter collimating lens.

A high speed freming cemera, Dynafax Model 326-3, was used to record the
shock wave and the associated flow across the revetment model. The camera systenm
was synchronized by a sequence timer whiech fired the shock tube and opened the
camera shutter which was pre-set at 1/10 sec. The flash lamp was activated from
& pressure transducer when the shock wave crossed 1ts surface. The flash lemp
duration was pre-set to colncide with one revolution of the camere f£ilm drum,

A shock wave veloclty system and a frequency meter for the camera speed,
completed the control equipment.

2.2 Camers Operstilon

Two difficulties arose during the use of the Dynafax camera. Optical align-
ment of the camera was difficult because of the internel dlamond stops. The
second problem was & mechenical one. The film would Jam in the camera quite often
when loading from the film cassette into the camera drum. Thils caused excess

cemera vibration, the film to shred, and camere misalignment.

10
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The alignment was simplified by the use of a machined focusing tube, 11/16

inch long. A 5/52-1nch hole was bored in the flat end plate of the focusing tube

to allow the light beam to be centered.

For alignment, the focusing tube was threaded into the lens barrel. The
image of the point source was focused on the plate of the focusing tube and ad-
Justed to pass through the aligning hole in the end plate. The alignment was
completed by placing a front surface mirrow against the focusing plate and re-
flecting the light image back into the field lens to exactly £il1l 1t with 1light.
A careful alignment was necessary in order to have well filled, uniformly illu-
minsted film frames. For camera operatlon, the focusing tube was replaced with
the light shleld furnishedfor thc camers lens. The £ilm loading problem was
alleviated by pulling the film into the cassette very tightly when it was loaded,
and by putting a very tight reverse curl to the square film end. If the films
vere immediately loaded into the camera, Jemming was kept to a minimum.

Sufflcient light was obtalned from the modified flash lamp described to allow
Kodek Double - X film to be used. For frame exposures of 1.05 usec, it was nec-
essary to process the film twice the recommended developing time in Ethol UPRG
film developer. B8ince only perforated Double - X film vas availlable, a loss of
information occurred whenever the image was at a perforation. Unperforsted film
would have increased the possible information area and also perhaps alded in the
loading of the fllm cassette had the film been available,

2.3 Bmoke Generators

Several methods and materials were tried in a search for & clean, dense, and
easlly produced smoke. Several materials were tried and dilscarded because of

certaln dilsadvantages they had. These are listed below:

1. "Dry ice", CO,, had air blown over it; water condensed in the capillary
smoke tubes.

2, Hydrochloric acid tumes were mixed with ammonia hydroxide; s solid pre-
cipltate formed in the capillary smoke tubes and closed them.

3., A smoke was made from wood pulp incense; water vapor condensed in the
tubes.

13



4. Air was blown over hot SAE 20 motor oll; the smoke produced was not

dense enough to photograph well.

5. An aerosol spray vas made from "Flexol" (di-2 ethylhexylphthalate, DOP);
it was not dense enough, even when dyed with an oil dye (Calco Red Z-1700).
Clgarette smoke was superlor in denslty, and photographed better, then any other
"amoke" tested. Flgure 3 shows the method used for production of the smoke
streams which formed the grid used.

The streams were produced by e vacuum pump evenly "smoking" two cigarettes,
one for each set of streams. Two flow valves were used to meter the very critical
flow needed to maintain stable streams of smoke. Bypass valves vere later in-
stalled around the metering valves 1n order to start the smoke quickly during
the initlal burning of the clgarettes; then, the bypass valves were closed. The
metering valves then continued to meintein a steady flow of smoke sultable for
photographing.

Too fast a flow, dirty capillary tubes, or touching smoke streams caused an
unsteady flow of smoke. After careful adjustment a grid of vertical and hori-
zontal streams, spaced 1/4 inch between the planes of the two sets, was maintained
for long enough time to fire the shock tube and record the flow. This procedure
was used for each repeated shot of the experiment.

2.4 Revetment Models

A sketch of the basic type of model tested is shown in Figure 4 with en
arrangement of the smoke grid obtained from the cigarette generators. The ver-
tical streams were moved from position to position in order to observe the flow
at different points inslde the model as a function of time. During the latter

stage of{the experiment & four-stream grid was also used to lessen the total number
of shots needed.

The model shown in Figure L is one of three tested. The three were chosen
to illustrate the effects upon the air flow caused by changes in model shape,
spacing, and orientation. The sloping models are adsptatlions of the basic shape
glven in Reference 7. A descriptive sketeh for each is included in the corre-
sponding data table below.

14
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3. DATA REDUCTION

The photographs of Figure 5 show the method of alternate framing on the film
characteristic of the Dynafax cemera. The plctures show the shock wave moving
from left to right across the revetment models, causing the smoke grids to move -
with the ailr flow behind the shock wave.

The data reductlon was begun by assigning an arbltrary center of coordinates
to a point at the inside bottom edge of the upstream paft of the model, The smoke
grid intersections were read by an optical film reader, using this coordinate
gystem. From these coordinates, the distance of smoke grid travel and direction
of travel were calculated from frame to freme. The distances in counts gilven from
the reader were converted to actual distance by using the separation distance
between the two parts of the model as & conversion scale., The distances of grid
intersection travel were divided by the time between frames (obteined from the
camera speed) to obtain an average flow speed. The average velocity vectors ob-
tained in this way were sssumed to have an origin located half-way in space and
time between the two frames was used for the veloelty calculation.

The times shown in Figure 5 were calculated from zero time beginning at the
time the free stream shock wave appeared at a point over the coordlnate system
origin (the bottom inside edge of the upstream model) to the position shown by
the given frame. The veloclty of the free stream shock wave was obtained from a
separate veloclty system. This velocity and the distance of the shock wave from
the coordinate origin (frame 1 of Figure SA) allowed the initial frame time of
T = L4 psec to be calculated. BSucceeding freme times were found by adding to the
initial time the frame separation time, AT, as found from the camera film drum
speed.

Density at points behind the shock wave was found by comparing the flow of
the disturbed smoke grid areas with the undisturbed pre-shot grids of the known
denslty, Py The dynemic pressure, 1/2 p u2, could then be found from the density
calculations and the flow speed agsigned to the particular grid.

17
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Fig. 5 'I‘ime Sequence of Shock Wave Crossing Revetment Models
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121

198

278

Fig. 5A Revetment with Inclined Interior Walls

20

160

a37

31

10
391




Frame Number

Time in usec
11 12
L29 L68
13 i 1
506 55
f
15 16 d
583 622
17 18
660 699
19 20
137 776

Fig. 5A (continued)
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110

187

263

3o

Fig. 5B Revetment with Vertical Interior
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Frame Number
Time in usec

L7

13
k93

570

17
6L6

723

L55

532

16
608

18
685

Fig. 5B (continued)
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4. RESULTS AND APPLICATION
4,1 Results

The data from thé present experiment are summsrized in Tables I, II, and V.
The date in Tables III and IV are rearranged from Reference 7 for comparison with.
the present data. Only data for times at which significant changes ocourred are
given 1n these tsbles. A more complete llsting of the date is given in the tables
presented in Appendix A.

Models I and III were of the same shape and .spacing, but were oriented to
the flow differently. Models I and II were oriented similerly but with different
spacing. Model V wes tested to show the effect of & vertical sided revetment.

One can see by comparing Figure 5 with the date tables that the flow regioms,
as & function of time, may be divided into roughly five intervals: an initial
entrance phase; diffrection of the shock wave into the model; the downstresm croée-
ing with a regular reflection of the shock wave followed by é Msch stem growth in
some cases; reflection of the shock wave from the downstream portion of the model
back upstream into the flow; interactlion of this reflection with the upstream
vortex; and finally & region after the reflection expands out of the model, The
same general divisions were found to apply to all the models tested.

A comparison of the flow is made in Figure 6. The vectors shown are taken
from the complete tables in the Appendix. These values have & possible error of
Yo percent for the magnitude of the flow and a direction error of by 6 percent.

Set 1 of Figure 6 shows the contrast between the sloping interior wall and
the straight wall of the model. Models I and'II, Set 1A, show about the same flow
pattern with a 4° to 8° downward inclination. The straight inside wall of Models
IIT and V caused & steeper downward flow. Model III shows a flow speed of 27 to
Ly Pt/sec. Model V shows a range of flow speed between 131 to about 308 ft/sec as
compered to 300 to 362 ft/sec for the sloping Models I and II.

ILittle change i1g seen for Models I, II, and III in Set 2 of Figure 6. Model
V, however, exhibits a vortex action at the upstream end of the model which tends
t0 rotate the flow downward and back upstream. The downstream end appears un-
affected.

2k




TABLE I. DATA FOR MODEL I

Time,  Poeiiion, in.  Flow Opeed, Angle, Density Ratio,
L sec X y ft/sec deg p/pl Remarks
200 2.20 LB 31k -8.4 l.27 . Model I
2.27 .66 343 ~5.6 1.26
2.39 37T 325 -6.2 Shock
Wave
316 20 L 353 ~7.9 1.28 © . )
2.7% .65 354 -7.8 1.29 [\ <o 7&‘7‘5_
3.00 .35 380 4.7 T b 60—l
3.00 67 h405 -8.1
Free Stream Shock
548 %, (7 .32 330 -4.0 Parameters
L. 0oU A 281 -2.5 PS = 8.3 psi
). 00 .66 305 -6, 4 u, = 375 ft/sec
L.28 03 335 1 . U = 1379 ft/sec
_ P = .00231
625  3.90 .32 26l 0.0 o - us:gg;é o
1 o292 0.0 Re]f-‘lection has
ALY 271 +2.5 passed smoke
oo 199 -7.2 vosition.
702 ioies L5 205 -9.8 Minimum flow speed
hoiu L%% 0 164 -8. k4
hoho .00 196 -5,6
Ny 211 +1.,1
856 Lo, U 297 0.0 Flow increases
.90 5 303 +1.1 again.
5.0 G 295 9.4
1083 D10 SO 18k -6.8 Reflection 1s out
.o 45 201 ~1h b of model.
5.0 .55 185 -1h.7
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TABLE IT.

DATA FOR MODEL II

Time, Position, in. Flow Speed, Angle, Density Ratio, Remarks
L sec x y . ft/sec deg p/pl
121 .90 .31 307 ~7.1 Model II
.92 .55 319 -11.5 '
.9k .79 328 -14.2 Shock
1.10 . 5% 302 -8.6 1.25 Wave
1.11 .56 308 -l2.1 1.21
1.13 .84 318 -14.9 L _ [N\ /: |§;
Mo 425 —vjaiase}
160 1.06 .30 31% -5.6 Free Stream Shock
1.08 .53 336 7.9 Parameters
112 .77 353 5.8 Pg = 8.3 psl
1.26 .32 334 -1.7 1.33 u, = 375 £1/sec
1.29 55 343 -6.2 1.31 U = 1380 ft/sec
1.30 .80 352 -12.1 1.33 by = .00231 slugs/ft3
275 1,49 .27 305 -2.0 - Py = 148 psi
1.52 A7 303 -6.2
1.56 .TL 318 -8.1
1.72 .30 315 ~hoh 1.3%5 Mach stem arrived at
L7351 3% 5.2 1.53 ooy of osed
1.76 .Th 314 ~3.5 1.h1 is greater than smoke
2.67 35 306 -3.2 1.0k grid.
2.68 .58 323 ~3.1 1.43
2.68 .8% 365 ~3.1 1.18
3,45 .38 350 -3.6 1.21
3.45 .62 351 -3.9 1.2k
3.45 .88 %55 -5k 1.18
3.64 .39 319 -2.7 1.21
3.6k .63 351 -3.5 1.24
3.63 .88 343 ~3.3 1.23
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TABLE II. (CONTINUED) DATA FOR MODEL IT

Time, . Position, in. Flow Speed, Angle, Denslty Ratio,

u sec X y  ft/sec deg p/pl Remearks
31h 1.61 .26 %09 3.6
L1.64 b7 308 2.9
1..69 .69 320 -8.9 7
1.85 .28 313 ~6.9 L Mach stem reflects
L8793 58 LI e
1.89 L5 322 +1.1 1.35 is traveling upstream.
2,82 .3k %25 © 3,2 1.38
2.83 .57 325 -5 1t 1.k9
2.85 .82 357 <45 1.32
3.0% .3k 328 -3.4 1.38
3,04 .58 718 -3.8 1.49
3.02 .82 sha ~4.6 1.%2
3.61 .38 pLY +0.9 1.33
3,61 .61 357 +0.7 1.2k
3,62 .85 385 ~2.5 1.20
3.8C .38 336 10.% 1e3%
391 L.91 .25 286 “1e6
L.9% 45 305 ~B.6
2.00 .65 317 -6.5
2.16 .26 300 +2,0 1.k
2.18 48 316 -1.9 L.k
2.21 .69 320 »10.2 1.4
3,15 .33 527 +1.3 1.69
517 56 5%% +2.9 1.65
3,16 .80 550 w02 1.48
%.36 ) %90 2.7 1.0Y
3,36 57 307 +2,9 1.68
4,37 UL %22 +5,1 1.ad
%.38 b 207 1. 1.0
3,90 05 227 - +1%5.77 Lo bk
b, 05 e 20z SR A 1.59




TABIE IT. (CONTINUED) DATA FOR MODEL IT

Position, in. Flow Speed,

Remarks

Time, Angle, Density Ratlo,
B sec X y ft/sec deg p/pl
468 2.19 22 250 - 4.5
2,21 A1 246 - 2.0
2,29 - .64 263 - by
2.42 .26 246 - 1.4 L.45
2.45 L6 239 - 0.3 1.59
2.50 67 253 - 4.3 1.4y
3.38 .36 202 + 2.5 1.60
3.40 .58 255 + 7.2 1.62
3.42 .83 27 +10.5 1.4t Reflection has passed
3,55 .37 188 + 3.0 1.60 smoke grid position.
3.57 .60 214 + 9.0 1.60
3.59 .86 251 +13.1 1.4y
4,0l A5 198 o2, 1.28
4.09 2 249 +23.9 1.26
4,22 .51 191 +26.6 1.28
4.28 7 259 +27.1 1.26
583 2.45 .22 160 - 2,5
2.51 4o 175 - 3.0
2.58 .60 176 - 5.9 Reflection begins
2,71 .26 164 - 1.8 1.42 to interact with
vortex from upstream
2.7h 45 184 - 3.2 1.55 model.
239 61 20 .30 ks Tlovspesd becmes
3.67 .36 208 +15.3
3.72 .62 230 +16.5 1.38
3.77 .90 267 +13,6 1.4
3.86 A2 205 +12.2
3.90 .65 231 +16.9 1.38
3.99 9k 269 +18.0 1.2
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TABLE II. (CONTINUED) DATA FOR MODEL II

Position, in. Flow Speed, Angle, Density Ratio,

Time,
u sec x y ft/sec deg o/p, Remarks
660 2.64 .21 51 R -3,
2.70 .39 2h7 -2,7
2.78 .58 2k9 -1.3
2.92 .25 254 -3.3 1.47
2.95 A5 25k 3.5 1.38
3,00 64 251 ~3¢3 1.36
2,87 Al 23k +7.0
3.97 .69 274 +11,8 1.34
3,99 .95 282 +11.7
b, o7 N7 238 +16.9
L.15 .73 290 +18.5
4.20 1.03% zL5 *16.6 1.3k
853 3,22 .19 194 1.7 Upstresm reflection
e o a0 5 e o of podel
2,40 55 225 +2,1
3,51 .2k 200 -2.8 145
3.54 R 203 +0.9 1.39
3.6k 66 236 +13.4 1.31
108k 3,82 .20 173 +1.3 Vortex has lost
n0 e a3 s detiaction by
L. 06 .63 249 +13.1
4,07 .33 211 +16.1
4,15 Sk 260 +21.6
h.31 .79 218 : +4.0

29
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TABLE III. DATA FOR MODEL III

Time, Positlon, in. Flow Speed, Angle,

psec X ¥ ft/sec _deg A Remarks
205 3.00 .90 27 : -63 Model IIT
%.00 1.12 k4 =36 Stiock
Wave
2k 260 .32 M 11 s ﬁ‘i;
2.60 75 117 -36 :
2,60 .95 187 51 — 60—} 14 |.J
Note: Data taken from Teel,
267 2,50 95 395 2k Ref. 7
3.05 .35 287 -7 |
3.05 7 310 -6 Free 8tream Shock Parsmeters
3,08 1.10 350 -21 P, = 8.0 psi
u, = %65 £t/sec
329 3.30 .3k 389 -5 U= 1375 £t/sec
3,40 T 3 -9 p, = 00231 slugs/ft’
3,50 1.10 403 -19
Pl = 14.8 psi
301 3455 o 32 299 -7 Note: Density measurements
3,555 75 309 1% not taken.
431 3.40 .30 379 -9’
3.40 2 392 ~10
3,30 .90 388 ~20
617 4,00 .30 263 -7
4,02 .62 260 -5
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TABLE IV.. DATA FOR MODEL IV

Time, —Position (1)  Position (2) Position (5) Position (%) Remerks

wsee o/p;  P*_ pley P, pfop  P', pfe, P

196 1.22 4.9 1.24 5.3 1.00 O  1.00 0

252 1.19 b1 1.30 6.6 1.32 6.7 1.00 0

311 1.2% 5.0 1.30 6.6 1.31 6.4 1.30 6.2

337 1.2% 5.0 1.33 7.5 L3k 7.2 1.33 7.0 Note: Data from

Ref. 7, Appendix B
379  1.1h 3.3 1.24 5.4 1.25 5.3 1.60 12.9

L30 1.1k 3.0 1.28 6.2 1.57 1l2.5 1.48 10.3 Reflection in
middlie of model

o2 1.25 5,6 1.53% 12,3 1.48 10.3 1.45 9.5 space.
602 1.38 8.6 l.k2 9.5 L. 9.3 1.4k 9.3 Reflection inter-
acting with up-
» 716 1028 6.’4‘ lnh'o 9.1 1. 39 8.2 1058 8-0 stream vortex

830 1.%32 7.1 1.28 6.2 1.36 T.6 1l.46 9.9
1066 1.29 6.4 1.21  h.7 1.3k T2 1.37 7.8

1349 1.40 9.0 1.29 6.4 1.5 8.4 1.ké 9.9 Reflection out of
the model.
1629 1.35 T.6 1.28 6.2 1.h0 7.2 1.40 8.5
Free stream shock
NModel IV zfram;ters )
Shock Weve s = O3 pe

el
1l

5 = 315 ft/sec

1379 £t/sec

.00231 sluge/
£43

/‘ > © © & [\I P, = 148 pst
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TABLE V, DATA FOR MODEL V

32

311:2(,: Po:iﬂon;,—— :!.;. %tov/rsggeed, _ Axgglse, '7  D_e:/s;.:yiatio, '_Re mazks
110 T3 .38 177 - w27 0 113 Model V
T 59 - 236 -52.9 .12
.81 .81 296 -48.1 1.13 " Shock Wave S
1.05 .65 219 -48.3 1.12 R ¥
1,06 .88 251 il b 1,13 ] _ L
, -l 2§ —eparfed
148 .79 - .15 1hh =40,2 1.39 Free Stream Shoek
.80 .32 181 46,9 1.39 _g:’:mg?grgai
.83 50 . 233 4.3 1.26 u, = 385 26/sec
.90 7L 298 -53.3 L2 P 1302 e/sec
1.0k .15 164 -18.1 1.39 b, = 00231 s1ug/tt>
1.07 .36 208 -34.2 1.39 P e 147 psi
1
1.11 .56 246 -39.2 1.26
1.15 .80 306 42,7 1.22 Shock wave 1is
1.73 .20 138 -15.0 1.14 ;:g:;’“id”ay across
1.75 45 194 -33.2 1.11
1.76 .68 221 -38.2 1.20
1.79 .91 2Ll -31.4 1.22
1.98 .21 102 -24.0 1.14
1.99 48 146 -38.1 1.11
2.00 .70 154 -32.2 1.20
263 .95 .08 91 29,1 1.99
' .96 .19 103 -10.6 1.49
L 1.08 .32 154 =30.7 1.30
1.16 .48 196 -66.6 1.27
1.54 .1k 22k 13,k 1.79
1.56 .33 246 ~14,3 1.35
1.59 49 258 -12.5 143
1.64 .70 282 -16.6 1.2%
2.09 .15 286 +3,1 1.50

————




TABLE V. (CONTINUED) DATA FOR MODEL V

Time,  Position, im. - Flow Speed, Angle, Density Ratio, Remarks
n sec x N4 £t/sec deg p/‘pl

2.12 .34 298 +1.7 L.

2.14 54 312 6.k .45

2.66 .23 30% ~3.5 1.35

2.66  .L8 293 -10.9 l.ke

2.67 66 294 -9.0 L.y

2.69 .89 297 -12.2 1.20

3,06 .19 256 3.0 1.%2

3.07  Wu47 272 -10.6 1.27

3,07 .67 261 ~11.0 1.k2

3,09 .90 280 -15.4 1.15
302 .97 .07 L5 -76.0 1.90 Shock wave has reflected

.99 .19 93 -76.9 1.3k igg:l?.ownstream part of

1.07 .29 129 “6lt,2 1.43

1.19 .42 17k -50.0° 1.33

1.62 .13 196 -9.0 1.59

1.66 .30 234 -13.6 1.3%

1.70 T 4 288 14,5 l.41

1.77 .66 292 -19.6 1.29

2.22 .16 285 -13.1 1.48

2.24 .35 281 ~7.6 1. 47

2.27 .53 289 -10.7 1,45

2.30 <75 312 -13.7 1.33

2.80 .22 326 T -8.0 1.36

2.80 k5 341 bk 1.3k

2.81 .6k 324 -3.8 1.35

2.82 .87 322 -12.2 1.30

3.39 .21 32l ~13.4 1.36

3,40 .46 305 4.5 1.37

3,40 .66 315 -3,3 1.31°

3,48 .89 321 ~7.9 1,32
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TABLE V. (CONTINUTED) DATA FOR MODEL V

Time, Position, in, Flow opeed, Angle, ;Dénsityl Ratio Remarks
psec x y ft/sec deg o/ P1_
%5  2.05 .09 140 5.k 1.66 Mach reflection has
fob 2 s ane L el et
2,17 «35 148 -9.9 1.57 the middle of the model.
2.25 .51 166 -2.0 1.46 '
2.82 .15 68 8.5 1.95
2.85 .3 80 - -18.4 1.61
2.90 5k 95 -14,0 1.62
2.95 .Th 101 +11.3 1.59
- %.51 .20 61 +37.6 _ 1.59
3.5k 47 95 +47.7 .77
3,58 LT0 134 +50.4 1.68
3.6% o4 178 +uu.; 1.49
3.82 .2% 61 +67.6 1.63
%. 84 .53 123 +66.6 1.50
3,87 .78 174 +63, 4 1.50
3,94  1.05 2hh +56.3 ¢ 1.61
570 2.07 .07 Ll -14,0 1.96 Mach stem reflection
2,16 .19 72 “T%.3 1.50 hes interacted with
vortex.
2.25 $31 {6 +90,0 1.61
2.35 46 124 0.0 1.59
2.71 W11 128 0.0 1.90
2,75 +30 - 12k -l.k4 1.51
2,81 A7 150 -1.3 1.60
2.89 .68 162 +2,2 1.45
T 3,32 24 101 +10.8 1.58
3,36 51 127 +hob 1.5%
3.42 T2 151 +27.6 1.54
347 .96 171 +29.2 L.h43
3.59 .26 8l +16.5 1.46
3.66 .59 135 +31.0 1.72
3,72 .86 175 +31.6 1.60
3,82 1.14 273 +40.5 1.52
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TABLE V. (CONTINUED) DATA FOR MODEL V
~Time, Position, im. Flovw Bpeed, Angle, Density Ratio, "Remarks
u sec % ¥ Pt/sec deg : p/pl '
646 2.12 .05 61 . +7.6  2.02 Small portion of
2,20 .15 58 -6.3 L.k6 fﬁ?ﬁiﬁ:ﬁ_ ??gm up-
2,31 .28 o ~45.0 147 . stream wall.,
2.47 A5 102 -46.7 L2
2,85 .10 142 +4.1 "1.95
2,89 .27 150 +11.9 1.60
2.98 .47 158- ~4,1 1.54
3,08 .69 171 -17.9 1.48
3,41 .2k 129 +36.2 1.63
3,50 i 162 +31,0 1.40
%655 7 188 +5642 1.48
3,65 1.05 a2l +40.2 1.hh
3,68 .30 109 +31.8 1.30
3,76 .65 118 +42.3 1.64
3,86 .98 168 +34.2 1.57
4.00 1.30 ol +39.2 1.43
878 3,15 .12 143 +2.7 1.76 Vortex hes become
5,18 .28 167 +14.9 1.5k indistinct,
3.32 .50 165 +6.8 1.59
3,46 ST 191 +8,1 1.33
338 .18 168 +15.4 1.76
5.4 L2 170 +18.8 1.55
357 .67 236 +31.7 1.59
3473 1.00 257 +39.8 1.3%
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The third set of Figure 6 exhibits several changes from tthprev;ous time
regions. Model I still shows about the same flow; however, the reflection from
downstresm has passed .the obgpervation position for Model II. This caused the
flow of %50 to 360 ft/sec at the previous time to be changed to 160 to 200 .
ft/sec and also 1t ceused an upward flow near the downstream end of the model.
Model IIT stlll exhibits do&nward flows of 284 to 330 ft/sec at an inclination of
3 to 21°, Model V also shows a similar change to Model II since the reflection
has also passed the smoke grid. This caused the flow spéed to becomé less and
also gave 1t & positive direction at the downstream end of the model. The meas-’
ured flow speed ranged from 36.5 to about 300 ft/sec near the top of the down-
stream level.

Set 4 illustrates the reflected region of flow for all the models. The flow
megnitudes are similar, except for Model V which is smaller. Model IIT differs
in that the flow direction is still downwaré towards the floor of the model., The
last set of Figure 6 shows an erratic behavior for Model I. This seems to be the
result of the reflection moving out of the model and the vortex change. Model
IT sustains the upward flow.

Some ilnsight about the density withiﬁ the models may be obtalned from a
study of the above Tables I, II; IV, and V. Table IV is inecluded because of a
model similarity to that of Model III. The followlng density pattern wes found
to be present within the models. A density ratio, p / pl, of between 1.14 and
1.23 vas found for region (1), Model IV, for times 195 to 430 usec. For region
(3), e ratio of 1.57 was observed for & time just after the reflected wave moved
upstream past the observation point. Dats from Taeble II, for Model II, show a
somewhat higher ratio of 1.62 for this region. The side-on pressure, P; from
Teble IV, shows a correspondlng increase as the reflectlon passed. Table V sghows
the density ratlo increased to about 2. This value exceeds the value of 1.83
for a normelly reflected wave and is probably caused by the Mach reflection which
appears to teke the place of & regular reflectlon. Approximately e free stream
dengity ratlio of 1.4 oceurs at later times, although, Model V shows erratic den~
sity bvehavior throughout.

The values of denslty ratio, p / p,s &re accurate to about : 5 percent.

4o




SHOLO3IA MO1d 40 NOSINVINOD (G3NNILNOD) 9 914

0387 gpg =)

41

Ve 138 : oas” e8vg sl

038/14 002 = HONI | : 31VI8 HOLOIA




SHOLO3A MO'1d 40 NOSINVINOD (Q3NNILNOD) 9 913

0387 2€C sl

as 138 93asn +¢g =1

038714 002 = HONI | : 3TVIS ¥0L193A




SNOLO3A MO1d JO NOSINVINOD (GINNLLNOD) 9 914

n

o3sd 239 =1

&= N

Y& 138

' S ———
o38d 929 =1

938/14 003 = HONI | : 3TVOS NOLI3A

43




e o

SHOLO3A MOTd 4O NOSINVINOD (G3NNILNOD) 0. Old

o03sv 809s=}

/
~-—

ay 13$

03asY L9 =1

038714 002 = HONI | : 31VOS ¥OLOIA

Lk




e,

SUOLO3A MOTd 40 NOSINVINOD (G3NNILNOD) 9 '9ld

oasn $801s=1

——

~—

¢ 13s 0387 8801 =1

038/14 003= HONI | : 3IVOS ¥OLO3A

L5



- 4,2 Limitations

The present experimental data were limited to those obtained from two-di-
mensional models. The same general trends, however, ought to epply for &
three-dimenéiona_l case. For example, Reference 8 gives ‘the side-on préssur'e for
three positions across the floor of & circular revetment with a cross-section

similar in shape to Models I and II. Figure 7 shows part of the pressure-time

traces -reprod_uced'fr_om Reference 8 for comparison with the piresent data.

For 0° orientation, reflections appeered on the traces for sbout cne-helf
millisecond of time to cause a pressure higher -than that of the. input wave,
After this time the i:ressure came back to the input level, then decayed below
that level. In the 270° orientation, only the position hea.rest & wall showed
the reflection to any extent. ' :

This work indicates a trend, at least in pressure, similar to that observed’
for the two-dimensional case.

4.3 Application

The date may be applied to a specific example in the following manner. For
long revetment wells, the present two-dimeﬁsion_a,l data may be used., For example,
Model II, mey be scaled to full size to meet the needs of a particular airecraft.
For thls application data for the F~105D is used. Aerodynamic data for & l/h-
scale model test of the F-105, References 9 and 10 will be used for the present
discussion, ' '

For the revetment to accommodate the F-1Q5D, it is necessary to scale the
size of the revetment model up in size ebout 250 times. The dimensions of the
full size .revetment are shown in Figure 8 with the schematic position of the wing
and horizontal teil. Only flow from the head-on (Ooya.w) orientation will be
considered here.

The revetment should be designed large enough to keep the ailrecraft out of
the vortex from the upstream wall and also out of the positive, upward flow at
the sloping downstream wall. The schematic wing and tail positions in Figure 8
satisfy these requirements. The distances from the walls are equel to about one
revetment wall height.
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REF.: R.O. CLARK. BRL TEON. NOTE

N Q szcﬂon 983,AFSWP 7768, JAN., 1988,
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The asaumption'ié made that static shuck overpressure load will not crush

the alrcraft, but that the dynamlic pressure from the eir flow behind the shock

wave may cause motion and perheps damage. For ideal protection, no motion ought
0 occur. '

Three forms of motion willrbe.considered: translation along the longitudinal
axis of the aircréfﬁ, vertical translation, and pitching about the laterasl axis.
Accordingly, drag force, 1ift force, and the pitching moment will be calculated. N %
Translation should occur if

D,ouW : (1)
where'Dx"is the totel drag force in the horizontal direction, u is the statie

coefficlent of wheel friction on concrete, and W is weight of ailrcraft. Vertical
translation should ocecur if the flight condition '

Ly'} W is satisfied, (2)

where Ly is the 1lift force in the vertical direction. Pitching could occur if
the ailrcraft 1lifts fpom the parked position; or, the nose wheel or tail msy tend
10 break without the aircraft leaving the ground. The latter case involves
strength of materiels and stress analysls which 1s beyond the scope of the pres-
ent gtudy.

Tsble VI shows the values of I, D, and M, the pitching moment sbout & moment
center .35 of the mean aerodynamic chord. These values were computed from average
velocity veetors and density at the wing and tall arees as shown above on Figure 8,
for revetment Model II, at o° Yew. The coeffilclents of Reference 9 were used with
values of dynamic preseure'acting upon the control area, S, of 385 ft2 and for a
mean serodynamic chord, G, of 11.485 ft. The forces and pitching moments were
defined by the following three equstions:

L=Cp (1/2 pu ) s, (3)
D=CD(1/2pu)S, (%)
and ’ M=Cy (1/2 0 u®) 5 G where (5)

CL, CD’ and CM are the coefficients for 1lift, drag, and plitching. p is the
density and u is the magnitude of the flow veloclty vector at the given point.
D is defined to be parallel to the direction of u and L is defined to be per-

pendicular to the dlreetion of u.
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TABLE VI. VALUES OF LIFT, IRAG,| AND_ PTTCHING MOMENT
'MODEL II, YAW ANGLE 0

WING PARAMETERS

T,msec Q,deg q,lb/ft2 Cy L, 1ly,id C; D,1b D, ,1b Cy ° M,ft-1b Remarks

29 -10.2 138 -,513 -27,142 -28,195 .150 7,931 <2,111 -,0815 -49,550 Specifications
38 - 5.3 206 =224 17,765 -18,423 .082 6,503 - 4,266 -.0615 -56,019 -E—ror F-105D:
48 - 4.2 17k =179 -11,974 -12,460 .080 5,352 4,075 -.0590 -ik,703 Weight 46,0000

. 57 -5.9 179 -015,4‘ -10’613‘11,0)4‘8 0073 5,031 3,9‘7’7 -00595 -h’7,076 Length 61‘.‘ 3" -
66 - 4.2 198 "-179 "13;6,68 "l'h‘:.aaj 080 6!122 4)66)"' "0590 "'51:690 Height 19' g A
5 - 2.6171 "'loo = 6}58,'} - 6}911"' '069 Lh5)+6 h‘}025 "0575 ")"’5)1"79 wms span
84 - 1.2 178 -,0% - 2;)"'67 - 2;690 '06,"' )'";586 )'1':2""9 -.0585 -)46,011‘5 5”-.'11"
9k - 1.5 168 -.049 - 3,169 ~ 3,413 ,067 4,312 4,120 -.0560 -41,564 Wing Area

103 - 3.3 149 -,140 - 7,733 - 7,868 .0T1 4,073 3,799 -.0565 -37,227 'n§85 ft2

12 - 0.2 101 +,002 + 78 + 15k ,063 2,450 2,449 -.0555 -24,788 Ga11.085 Tt

121 0 97 +015 + 560 + 636 ,067 2,502 2,502 -.0555 -23,807 =1.8° For

149 - 2.6 Th -.098 - 281 - 437 .072 2,0k1 2,013 -.0575 -18,880 pm"ed position

HORIZONTAL TAIL PARAMETERS

29 ' ’ Shoek has not
38 arrived at tall

148 -3,0 145 -.026 -1.448 -1,451 .002 111 36 +,0407 +26,044 position.

57 -k.b 210 -.03k -2,T49 2,760 .002 243 30  +.0597 +55,435

66 -3,0 189 -.026 -1,890 -1,890 .002 146 48 +.0407 +34,003 -

75 -3.3 171 -.025 ~1,646 -1,651 .002 132 37 +,0447 433,800

8l -0.1 218 -,008 = 671 - 671 000 O 0 +,001% + 1,362

ol #,6 205 +,019 41,497 +1,503 .002 157 90 -.0353 ~31,969

103 -1.7 113 -.013 - 566 « 566 .001 Wik 27 +,0231 +11,541

112 -0.3 105 -.002 - 81 - 81 .000 o 0 +.OOJ+l + 1,906

121 +1.2 96 +,009 + 333 + 334 ,001L 37 30 -.0163 - 6,919

149 -3.0 86 -.026 -~ 864 - 865 .002 67 22 +.0407 +15,520
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on concrete with locked wheels, then it is seen that the horizontal dreg force,

R

It 4s seen from Table VI that the vertical 1ift force, L, 1s primerily
negative (down). For the time it is positive it does not exceed the 46,000-
pound gross weight of the aircraft., The alrcraft should, therefore, not 1ift
from the ground.

If & coefficient of static friction ls assumed, for exemple, .25 for rubber

Dx, is not great enough to equal one-quarter the weight of the airplane. No
translation along the ground should occur. Since the aircraft does not leave
the ground, no attempt will be made to interpret the pitching moments. Figures.
9 - 11 show plots of vertical 1lift, horizontal drag, and pitching moment &s
Punctions of time for s yew angle of 0° (shock wave approsching head-on). The
steady free stream values for an unshielded alrcraft are shown for comparison,
The same procedure would be followed for angles other than o° yew.

A more elsborste application of the flow disgrams may be made by calculating
the aerodynamic loadling on several components of the ailreraft for all the different
flow vectors. The problem could then be coded for a machine solution. ’

For input date of aerodynsmic loading and stress enalysis, vulnerability and
demage predictions could then be obteined for slrcraft in revetments.
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5. DISCUSSION AND CONCLUSIONS
5,1 Dilscusslon

The phenomens contributing to the flow patterns inslde the model revetment
were found to be the following: (1) diffraction of the input wave with vortex
growth at the upstream part of the revetment, (2) reflection from the floor of
the model after diffraction, (3) Mach stem growth of the shock wave after reflec-
tion, with travel scross the f£loor of the model; (4) refiection of the Mach stem
from the dowristream portion of the model and the upstream travel of this reflec-

tion, and (5) an interaction of the reflection with the upstream vortex and the
expansion of the reflection out of the model.

The vortex formastlon and steep flow angle were results of the shape of the
upstream portion of the model. The stralght inslde edge caused the flow to be
directed downward at a steep angle into the revetment. At about an inech from thé

model, the flow rotatéd upstream In the direction toward the model. In comparison,

the h5° inside slope caused a downward flow at an angle of 8° at 200 usec. The
angle changed to 6° for 548 usec. A less steep inside model slope would presum-

ably cause still smaller engles of flow. A more nearly horlzontal flow might be
obtained 1ln this wey if desired.

The influence of the upward slope of the downstream portlon of the revetment
was seen for & dlstance of about one model height upstream, as seen by the upward
direction of the flow. This was not true for the straight edge of Model III. A
downward trend lasted throughout the entlre observatlon period.

A flov megnitude greater then the free-stresm value occurred at a time
between 315 - 330 usec, for the Models I, II, and III. As was suggested in Ref-
erence 7, this was probably caused by the Mach reflection of the shock wave from
the floor of the model. The flow directiocns were different as described above,

The chenges in dimensions for Models I and IIL apparently were too small to
cause a noticeable change in the flow petterns. The change in spacing between
the two halves of the revetment 4id determine the arrivael time of the return of

the downstream reflection at the observation positlion; this determined how soon
the flow speed decreased.
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In general, the slope fér the upstream portion of the revetment influenced
the initial flow very strongly in both the directlon and magnitude, hed a slight
effect upon the direction for intermediate times, but had little effect upon mex-
imum speed, and in later times after the reflection had passed the 6bservation
position, effected only the direction of flow 1if the position were & distance
within one model height away fraom the downstream sloping model.

Since the slope of the exterior well of the model sppeared not to influence
the flow inside the model, a vertical cutside wali should be used to offer pro-
tection against flying debris. A sloping outside wall may well deflect debris
into the interior of the revetment to cause damage to the parked slrcraft.

5.2  Conelusions

The inner wall should be deslgned with a slope which will direct the flow in
an optimum directlon for the particular aircraft to be protected. From this

standpoint, the design of en optimum revetment must fit the 1ift and drag char-
acteristics of the aireraft to be shielded.

Because of the strong vortex actlion at the upstream part of the revetment
and also, the upward direction of flow for the downstream part of the model, the
aireraft should probably be parked some distance away from the surrounding walls,
a distance of one to two revetment heights, sa that the effects of the vortex and
the upward flow are a minimum at the alrcraft position. |
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APFENDIX A

TABLES FOR GOMPARISON OF FLOW

TABLE A-I. COMPARISON OF FLOW VECTORS - MOIEL I

Time, Position, in. FTlow Speed, Angle,  Density
usec X y ft/sec deg Ratio, :  Remarke
/el
200 2,20 34 31 -8.4 127 77 Model.I
2.27 .66 343 -5.6 1.26 __ 8hoek — -
2.59 37 325. -6.2 Wave 1 ‘L
" ko 2.16+o gg 3#2 -5.8 N\ -e &
2.60 . 35 -5.9 o 60 —of L4
2.70 -68 hoa 2.3 , Free Stream Shock Pare-
216 2.75 .3k 353 w749 1.28 P = 8.3 pst meters
2.73 .65 35k -7.8 1.29 = 37% ft/sec
3,00 .35 380 -h.7 = 1379 ft/sec ‘
%.00 .67 105, 8.1 p= 00251 slugs/ftg
Pp= .00316. slugs/f%
355 2.85 .32 358 3.7 1.30
3,05 6L 372 ~7.8 Mach reflection is about
© 3.16 3L 313 -4,2 3/4 the height of the
3.17 .65 383 =7.7 model.
3.65 NP 356 =5.9.
432 3.21 .33 342 =TT Reflection starts from
3,43 .34 326 -5.0 downstream model,
3.43 .67 357 4,8
3,78 .65 362 -1.2
548 3.67 .32 330 -4,0
4,00 .34 281 -2.5
4,00 .66 305 -6.4
L.28 .63 335 -4,1
625 3,96 .32 261 0.0 Reflectlon has passed
4,15 3k 292 0.0 smoke position.
4,20 .66 271 +2.5
4059 o6’+ 199 -7 02
702 4,10 .32 205 -9.8
4,40 33 164 -8.4
L.4o .66 196 -5.6
ll-.69 465 211 “'lol
856 4,65 .33 297 C.0 Vortex interaction
4.90 37 303 +1.1 with reflection.
5.17 .65 295 -9.4
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TABLE A-I. (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL I

Time, Position, in. Flow opeed, Angle, Density

psec X v . ft/sec deg Retlo, Remarks
' o/py

932 3.21 . .17 279 -9.5
3.7 . .4 248 -16.2
1"'060 031 21")"‘ -lOn8

- 1088 3,70 2k 184 -6.8 : Reflection 18 out of

hos .35 201 ~1h. 4 model.
5.05 .58 185 -14.7
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TABIE A-II, COMPARISON OF FLOW VECTCRS = MODEL II

Flow Speed, Angle, Density

Time, Position, in. )
usec X y ft/sec deg Retio, Remarks
' ' - pley
121 .90 .31 307 - T.1 Shock Model IT
.92 .55 . 319 -11.5 Wave ——
.9“ 179 528 -l,'l'ue H
1.10 .33 302 - 8.6 s [\\ Yo
1.15 -8k 518 -1h.9 1.2l Free Stream Shock
160 1.06 .30 513 - 5.6 ~ Paraneters
1.08 53 3% - 7.9 23l
1.26 .52 334 - 1.7 1.33 - 00831 iec fe43
1.29 .55 343 -6.2 13 0L 2 10058 i
1.20 .80 352 -12.1 1.35 ch reflection from
198 1.19 .28 291 - 6.9 shock wave.
1923 051 314‘1 - 505
1.26 .76 304 - 9.0
1.l .32 319 - bh 1.37
la)'l3 055 30"" - 501" 1045
lch‘h‘ 077 321 - Too 1059
2-56 n58 351" - 308 1051
2¢56 085 301 - 7-5 1-51
2,54 .38 287 - 3,1 1.52
295’4‘ 062 276 - 701 1058
2055 086 362 - 6.2. 1031
237 1.33 27 329 - 3.3 Mach stem 1s near
1.36 50 318 - 7.0 middle smoke Stream.
1.k0 73 363 - 7.9
1.56 .30 339 - 2,6 1.43
1.57 .52 324 - 4k 1.51
1|60 '76 ‘ 3’"‘8 - 5'6 l'l"a
2.53 056 : 31}1 - 5.1 lo)'l'5
2.53 .59 351 - 3.8 1.48
2051 58,4' 3)4'1 - 3.0 lc}h‘
2.72 .37 365 - 3.6 .47
2.72 a60 353 - )+.7 1.11-8
2.72 085 31"1 - 509 l.}h
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TABLE A-II. (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL II

Time, Position, in. Flow Speed, Angle, Density
usec x 'y ft/sec_ deg Ratio, Remarks
e/o;
275 1.h9 27 305 - 2.0
1.52 N 305 - 6.2
1.56 .71 318 - 8.1
1.72 30 315 - 4k 1.35 Mach stem arrived
1.73 51 335 - 5.2 1.53 at downstream model.
1.76 JTh 314 - 3.5 1.23 Mach stem is higher
2.67 .35 306 - 3.2 1.4 than smoke grid.
2.68 .58 323 - 3.1 1.k
2.68 085 565 - 5nl ls"|'5
3.45 .38 350 - 3.6 1.18
3,45 .62 351 - 3.9 1.21
3.45 .88 355 - 5.k 1.24
3.6’4‘ 039 319 - 207 1;18
3.6k .63 351 - 3.5 1.21
3.63 .88 343 - 3.3 1.24
314 1.61 .26 309 - 3.6
1.64 M7 308 - 2.9
| 1.69 .69 320 - 8.9
’ 1.85 .28 313 - 6.9 1.5 Mach stem reflects
) 1.87 49 32h - 5.8 1.48 from downstream model.
’ 1.89 15 322 + 1.1 1.35 Reflection travels
| 2.82 3k 325 - 3.2 1.38 back upstream.
l 2085 057 525 = 5.)4 1011'9
l 2.85 82 337 - kb5 1.32
3.0k4 .34 328 ~ 3.4 1.38
3.0k .58 318 - 3.6 1.h9
3.02 82 3h2 - 4.6 1.32
3.61 .38 Al + 0.9 1.33
3.61 .61 357 + 0.7 1.24
3.62 .85 385 - 2.5 1.20
3.80 .38 3356 + 0.3 1.33
352 1.78 25 321 - 1.9
1.80 A6 331 - 3.7
1085 067 538 - 6-9
2.01 27 340 - 2,2 1.35 Reflection continues
2,03 .48 329 - 3.0 1.h1 upstream.
2,06 <Th 355 - 9.5 1.27
2,95 3k 359 - 1.5 1.54
2,98 .55 370 - 1.2 1.34
2.99 .81 336 - 3.6 1.38
3,18 .34 340 + 1.2 1.54
3.17 97 342 - 1.9 1.34

N
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P TABLE A-II. (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL IT

Time, Position, in. Flow Speed, Angle, Density :
psec X y ~ ft/sec deg Retios ‘ Remarks
. ole;
3.18 82 37h S20 1% : §
3.78 059 283 + 5.7 1050 i
3.78 .61 307 + 7.1
3.81 .86 315 + 6.6 . , ;
3.95 .39 268 +10.4 1.50 H
3,94 .65 302 +11.5 _ !
_ 3.95 .89 322 + 6.9
391 1.91 .25 286 - 1.6
1.94 A5 305 - 4.6
2.00 .65 317 - 6.5
2.16 26 300 + 2.0 L.kl Reflection
2.18 A48 316 - 1.9 1.4k continues.
2.21 .69 320 -10.2 l.h44
3.15 33 327 + 1.3 1.69
3.17 56 333 + 2.9 1.68
3,16 .80 332 - 0.2 1.48
3.36 35 300 + 2.7 1.69
3.36 ST 327 +2,9 1.68
337 81 322 + 3,1 1.48
3.88 Ll 207 + 9.1 1.39
%.90 .65 227 +13.7 1.h4h
4,06 43 222 +19.9 1.39
29 2.0k 2k 302 - 5.3
2.08 U3 298 - 6.3
2,14 .63 318 - 2.9
2.28 .28 285 - 0.5 1.40
2.32 R 298 - 3,9 1.5
' 2.35 .69 307 - 5.3 1.36
2.89 .28 250 - 1.7 1.57
3.28 3k 242 + 5.8 1.65 Reflection
3.29 57 245 + 5.5 1.59 continues.
3.30 .81 285 + 7.7 1,61
3.46 .36 214 + 5.2 1.65
3.47 .58 232 + 7.7 1.59
3,48 .83 246 +12,2 1.61
3,97 A2 176 +15.8
3.99 .67 217 +19.3 1.43
b.02 .94 258 +2k4.9 1.43
4,15 46 195 +27.7
| 4.19 71 227 +23.5 1,43
| k22 .98 272 29.9 1.3
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TABLE A-II, (CONTINUED) COMPARISON OF FLOW VECTORS ~ MODEL IT

Time, Pogition, in Flow Speed, Angle, Density
psec x Sy ft/sec deg Ratlo, Remarks
: : /ey '
468 2.19 .22 250 - k.5 :
< 2,21 41 246 - 2.0 1.45
2.29 6L 263 - b7 ,
2.2 26 ak6 - 1.k 1.45 Reflection has
2.45 46 239 - 0.3 1.59 passed smoke grid
2.50 67 253 - 4.3 144 position.,
3.38 .36 202 + 2,5 1.60
3.40 .58 255 + 7.2 1.62
3.42 .83 2Lt +10.5 147
3.55 3T 188 + 3.4 1.60
3.57 .60 214 + 9,0 1.60
3.59 .86 251 +13.1 1.4t
b,oL A5 198 +22.7 1.28
4.09 .72 2kg +£3,9 1.26
4,22 .51 191 +26.6 1.28
4,28 L7 259 +27.1 1.26
506 2.27 .22 220 - 1.2 Reflection
2.30 42 236 - 1.8 1.50 continues
2.38 .61 224 - 8.3 upstream.
2.51 27 233 +1.2 1.53
2.5k A7 223 + 0,8 1.58
2.58 .67 220 - 3.8 1.45
3,47 .35 219 - 0.1 1,63
3.49 .60 221 + 5.4 1.56
3,53 .85 205 +10.1 1.67
545 2.39 22 194 - 1.8
2,43 LAl 200 - 4.3
2.50 .61 207 - 2,7
2.64 27 217 - b 1.49
2.66 .16 216 - 5.9 1.59
2,70 .65 218 - 0.9 1.47
3.58 .35 220 + 2.6 1.54
3.60 .60 229 + 6.9 1.53
3.62 .87 263 +10.4 l.41
583 2.45 .22 160 - 2.5 1.42
2.51 4o 175 - 3.0
2.58 .60 176 - 5.9
2.71 .26 164 - 1.8 1.42
2,74 45 184 - 3.2 1.55
2.79 67 200 - 3.0 1.45

N
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TABIE A-II. (CONTINUED) COMPARISON OF FLOW VECTCRS - MODEL .IT

Time, Position, in. Flow Speed, Angle, Density
usec x y £t/sec deg Ratio, Renarks
o/p,
3.67 .36 208 +15.3
3.72 .62 230 +16.5 -1.38 Reflectlion
3,77 .90 267 +13.6 1.42 : begins to
3.86 A2 205 +12,2 interact with
3.90 .65 231 +16.9 1.38 vortex from
3,99 .94 269 +18.0 1.h2 upstream model,
Flow speed be-
622 2.54 21 211 - 3,1 comes less at
2.60 RTo) 207 - bk 1.50 - this time,
2.66 .59 221 - 7.2
2.79 .26 230 - 1.8 1,49 Reflection is
2,83 A5 226 0.0 1. caught in the
2.88 6k 226 - 8.1 1.h42 vortex,
3.77 A1 216 +13.1 1.59
3.81 .66 270 +14.5 1.33
3,95 A 240 +14.3 1.59
4.01 .71 278 +17.9 1.33
660 2.6k4 21 254 - 3.
2.70 .39 247 - 2.7
2.78 .58 249 - 1.%
2,92 .25 25k - 3.3 1.47
2.95 A5 254 - 3.5 1.3%8
3,00 64 251 - 3.3 1.38
3.87 5k 234 + 7.0
3.97 .69 27h +11.8 1.34
3.99 .95 282 +11.7
4,07 Yy 4 238 +16.9
4,15 .73 290 +18.5 1.34
4,20 1.03 345 +16.6
699 2.77 .20 2hh - 0.7
) 2,82 .39 263 - 1.6
2.89 .58 265 - 2.0
3.02 .25 239 - 3,2 1.k9
3.06 b 277 - 2.1 1.51
3,11 .63 290 - 0.3 1.39
37 2,87 .21 254 - 0.7
2,94 .38 273 - 4.8
3.02 ST 297 - 3.9
3.14 24 264 - 3,1
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TABLE A-II. (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL Iz

Time, Positlon, in. Flow Speed, Angle, Density
psec X y ft/sec deg Ratio, Remarks
o/p,
3,20 Ah 274 - 2.3
2,26 6h 312 - 3.7
1776 3.01 .20 281 - 3.1
3,08 3T 276 - 1.7
3,16 57 292 + 1.6
3.27 Rellt 274 + 1.6 1.38 Reflection is out
3,31 ] 254 - 0. 1.51 of view.
3,40 .60 269 + Ok 1.h2
814 3.13 .20 257 - 2.8
3.20 3T 23N 0.3
3.29 .58 252 - 3.6
3.40 24 259 - 0.1 1.hy
344 ik 242 + 3.1 1.h7
3.51 .6l 267 +13.9 1.0
853 3.22 .19 194 - 1.7
3.29 BT 200 - 0.9
3,40 .55 225 + 2.1
3.51 W2 200 - 2.8 1.45
5,50 S 203 + 0.9 1.39
3.64 L0 236 +13.4 1.31
891 3.51 .19 272 + 0.4 Flow now has
3.3 .57 201 + k.0 a positive
%.50 .58 219 + 8.3 direction for this
5.58 .2k 2175 +10.4 position.
4.03 R 254 + 8.4 Vortex appears to
3,72 69 231, +12.4 be breaking up,
less defined.
930 3.2 .19 210 + 0.2
307 .38 221 + b7
3.59 .58 223 + 8.2
3.66 .27 204 + 0.4
3.7h JDer 254 +12.1
3.84 71 254 + 3.9
965 %.50 .19 1753 + 7.7
%.58 .39 214 + 3,0
3077 .27 215 +10.1
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TABLE A-III. 'COMPARISON OF FLOW VECTORS - MODEL I11

Time, Position, in. Flow Speed, Angle,
usee X y ft/sec  deg Remarks
160 2,40 .78 29 52 Shock Model ITT
2.0 1.10 118 -j2 : Wave _
. K
183 2.60 3k 2 - il 4
2.60 1.10 71 - 70 3 )
, - fome—— 60 =t 14 [
205 . 3,00 .90 27 -63 Note: Dats taken frem
3.00 l.12 Ly -36 Teel. Ref. 7.
292 2.45 32 L8 -1 _ .
2.50 75 320 -18 Free Stream Shock
2.50 .95 359 «24 Poyameters
3,10 1.10 350 -21 P, = Béo pg}
24l 2,60 ,32 48 -11 : = 305 £'t/sec
2 & B rimih
2.60 -9 187 oL p;' = ,0031k4 e;:l.ugs/f‘l:3
267 2.50 .95 395 -2 Note: Density
3.05 35 287 -7 measurements
3.05 .77 310 -6 not aveilable.
3,08 1.10 350 -21 :
284 2,95 .32 327 -6
3.00 .70 371 -14
3,00 .90 378 -16
3.55 15 329 -13
307 2.90 .35 348 =10
2,90 o 375 -13
2.90 .95 386 -17
329 3.30 34 389 -5
50)4'0 ‘77 371 - 9
3,50 1.10 403 -19
346 2.95 .32 327 -6
3.00 .70 371 -1k
3.00 .90 378 -16
3.55 75 329 =13
369 3,25 .30 345 -6
3.00 .90 378 =16
3.55 NP 329 =13
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 TABLE A-II, (CONTINUED) COMPARISON OF FLOW VECTCRS - MODEL II

Flow Speed, Angle, Density

Tine, Posltion, in. _ B
psec X Ty £t/sec deg  Ratio, _ Remarks
- | - el
1007 3,58 .2 236 + 7.0
_ " 3.67 39 218 + 4,6
‘3,81 . .62 236 + 4,3
- 3.86 30 231 +10.9
. 3,95, 51 2kl +12.4
lQhé 3.79 40 249 + 7.0 Vortex is
. ' broken up.
3.90 Qe 233 +13.3 Vortex has 1ost
4,06 .63 2ho +13.1 distinction.
L,15 5k 260 +21.6
LTS 9 218 + 4,0
1122 3.88 22 152 - 8,9
L,00 45 11 - 0.6
4,23 o5 161 +11.9 Flow beacomes
erratic.
1161 3.93 .22 173 +12,0
h.OO 0""2 126 - 205
4,22 .37 119 + 6.1
L, 34 63 12k +11.9
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TABIE A-ITI, (CONTINUED) COMPARISON OF FLOW VECTCRS - MODEL III

Time, Position, in. Flow Speed, Angle,

psec x ¥y - ft/sec . deg | Remarks

391 3.55 .32 299 -7

3.55 .72 329 ~13

408 3.10 .33 307 -7

3.25 .70 . 303 -15

431 3.40 .30 379 - -9

© 3.40 .72 392 -10

5.30 .90 388 -20

453 5.82 15 360 -10

k70 3.42 .30 319 -9

3.50 .70 336 -12

3.50 .90 364 =17

Lo’ 3.50 .30 292 ~10

3.55 .70 354 -6

3,60 .90 407 <16

- 515 h.05 32 353 -6

3 . 50 . 70 336 “12

532 3.56 .30 o -5

3.57 55 397 -17

3.60 - .75 359 -19

554 3.90 +50 284 -3

3.92 .60 316 -12

3.70 ) 330 -21

59k 3.90 .30 78 -2k

3.90 55 143 -10

3.70 .75 169 -8

617 4,00 +30 263 -7

h,02 .62 260 -5
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TABLE A-IV.

COMPARISON OF FLOW VECTCRS - MODEL V

Time, Position, in. Flow Speed, Angle, Density,; 4, ,
psec X oy £t/sec deg slugs/ft’ 1b/ft Remarks
72 700 e 158.2  -55.1 00246 30.8
0756 165)“' 23005 -53.3 ‘002)4-7 : 65.6
161 ,858 286.5 ~4h Lk .00258 105.9
. 99"" o67l 195 . 3 -31*" . 1" . 00247 h‘T L] l
1.014 .911 119.6 -28.7 .00258 8.4
Free Stream Shock
110 o731 .382 176.6 4.7 00262 40,9 Parameters
767 591 236.0 -52.9 .00258 T1.7 P2-8.6 psi
.808 812 296.4 -48.1 .00262  114.9 =385 ft/sec
1.051 RIS 218.8 -48.3 .00258 61.6 U=E1392 ft/sec
1.062 .884 250.9 44,4 .00262 2.4 pl=.00251 5
slugs/ft
p,=.00319
2 glugs/et’
Pl = l)+.7 pBi
Model V
Shock Wave

(Teble A-IV continued on next page)
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TABIE A-IV, (CONTINUED) COMPARTSON CF FLOW VECTORS - MODEL V

dime, ~ ~ Posltion, in. Flow Speed,Angle, Densit“y',‘g"""Q}““' 5
psec - - X y ftfsec - deg glugs/ft’  1b/£t Remarks
ll"s 0787 . oll"6 l)'"5 05 ‘4002 100322 5501 .
‘798 0322 181-0 -1'609 000320 520)"’
0834 0503 233-1" "4403 -00292 79.6
.902 707 297.9 -53.3 .00283 125.6 Shock
1.042 154 163.7 -18.1 .00322 43.2 wave
1,069 360 207.8 -34,2 .00320 69.1 1is
1,105 562 . 2k5.6 -39.2 00292 88.1 about
© 1.148 799 306.1 42,7 .00283 132.5 midway
1.731 .199 158.3 -15.0 0026k 25.3 across
1.751 450 193.6 -33,2 00256 k7.9 model.
1.76% 675 221.0 -38.2 .00277 67.5
1.787 .908 24k -3L.k4 00283 84.2
1.977 210 102.4 -24,0 L0020k 15.8
1.988 A79 146.1 -38.1 00256 27.3
2.004 .698 154.5 -32,2 00277 33.0
187 .83l .107 131.0  -10.6 - .00372 32,0 ‘
.850 266 159.4 -21.3 .00324 k1.2
.908 430 201.6 =35.1 00296 60.1
982 .600 263.5 -2k b .00316 109.7
1.125 127 185.4 -11.3 .00372 64.0
1.154 302 219.2 - 8.4 .0032}4 77.8
1.194 490 250.6 -18.2 .00296 92.9
1.266 691 307.7 -19.8 .00316 149.5
1.317 172 212,k - T.5 .00335 75.6
1.342 .378 239.9 -20,2 .00299 86.0
1.370 583 264.8 -26.2 .00303 106.3
1.399 821 301.6 -33.5 00266 121.1
1.549 .185 208.4 - 6.6 .00335 72.7
1.552 JHk 235,0 - 9.0 .00299 82.5
1.59% Bh42 ©  253.8 -28.1 .00303 97.7
- 1.607 887 294.8 -30,0 .00266 115.7
1.832 72 253.7 + 1.6 00344 110.7
1.850 .385 257.1 - 1.8 00316 104.4
1.865 595 271.6 - 9.5 .00286 105.7
1.903 837 283.0 -19,5 .00281 112.h
2.058 194 2443 + 0.8 00344 102.7
2,080 407 263.2 - 0.8 .00316 109.3
2.101 637 267.8 -11.2 .00286 102.7
2.123 B7h 276.2 -24.8 .00281 107.1
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TABLE A-IV. (CONTINUED )» COMPARISON OF FLOW VECTCRS - MODEL V
Time, . .Position, ini Flow Speed,Angly  Density,s g, = ,.
usec x. y ft/sec - deg - slugs/f%’ ~ 1b/ft* Remarks . .
225 892 . .13#.3 -17.9 00390 35.1

915 241 146.9 -46.1 .00310  33.5

975 - 383 181.7 -53.6 .00305 50.4

1.081 0555 25507 -’-}2.3 000298 . 820?
10206 .110 18303 "'13',4‘ 000590 ' 65.&
1.304 L5k 242 .4 -28.3 .0030% 89.6
1413 159 2hh .k - 6.3 .00305  109.1
1.431 346 236.9 - 9.1 .00305 85.5
L1473 532 255.8 -17.9 .00331  108.2
10516 07)"')‘" 298 o "20 ol 000288 12801
1.703 .5814- 278.9 -15.3 00331 128.6
-1.735 .812 305.1 -13.9 .00288  134.2
1.960 175 279.7 -10.5 00344 110.7
1.968 382 293.9 13,7 00316 104.4
1.984 575 302.9 -12.6 ,00286 105.7
2,020 - 796 .202,0 -1l 4 .00281 2.
2019’"‘ 0175 297.6 - 503 0005“‘1" 102 .7
2,205 <405 289.6 -10.3 00316 105.3
2.230 611 291.7 -16.0 .00286 102.7
2.2“-1 0819 297 08 '1203 0&281 10751
2,301 - .212 258.6 0.0 .00315 105.3
2.307 467 2h2.h - 7.6 00276 84,3
2,332 .910 261.9 ~21.4 00259 89.0
2.522 .23% 200.8 - 3.9 .00315 63.5
2.537 487 21L4.6 - 5.2 .00287 f6.1
2.546 .698 226.6 -17.2 00276 70.8
2.551 .934 263.8 -16.6 ,00259 90.3
263 .953 076 90.5 «29.1 00459 18.8
96 .1911- 102 u9 ‘1006 0003,41"' 1802
1.025 315 154.5 -30.7 00301 35.9
l 161 o‘+85 196 na "66 06 000293 5603
1.289 .090 164.,0 - 4.8 .00459 61.7
1.333 .239 175.0 - 9.5 .003kL4L 52.6
1.398 403 217.5 -18.1 00301 71.1
1.485 591 264.1 -24.0 .00293  102.1
l ] 51*5 . ll"5 22!4' . 1" "15 . l" . 00)4-15 lO)-t . l
1.556 326 245.8 ~14.3 00313 ok.5
1.590 49h 257.8 -12.5 .00330 109.8



TABIE A-IV. (CONTINUED) COMPARTSON OF FLOW VECTORS - MODEL V

Time, Position, in. Flow Speed,Angle, Dengity 3 4 - 5
psec x ¥ t/sec deg . slugs/ft”°  1b/ft" Remarks
1,768 157 259.3 -1.8 00413 139.0
1.806 367 274.1 -12.9 00313 117.6 -
1,835 548 276.4 -13.0 00330 126.1
1.867 .780  295.7 -18.9 00284 124.3
2,087 .152 285.7 + 3.1 00346 k1.2 -
2,116 345 297.8 + 1.7 . .00333 147.8 -
2.138. 5kl 311.8 - 6.4 .00336 163.1
2.168 758 C312.4 - 4.6 " 00324 158.2
- 2,331 .163 289.8 + 1.6 .00346 145.2
2.344 .380 299.7 - 3.9 +00333 149.8
2.562 .573 505.5 - 501 000336 15614
2.382. .789 317.7 - 7.7 .00%324 163.6
2. 444 212 290.1 - 6.5 .00312 131.2
2.455 L7 294.6 -10.0 .00327 41,9
2.462 637 310.4 - Td2 .00340 163.6
2.466 .858 315.7 - 9.7 .00278 138.5
2.656 .226 303.4 - 3.5 .00312 143.6
2.656 L76 292,7 -10.9 00327 140.0
206714’ |659 293-6 ’ - 900 000311’0 lh’60’+
2.685 .80l 296.8 «12.2 .00278 122.4
- 2.832 .,183 295.2 - 3.5 .00304 132.5
2.83%6 k9 226.,7 - 5.4 .0029L 120.9
2.839 6L46 294.6 - 4.6 .00327 1.9
2,861 877 291.6  -1ll1l.2 .00265 112.5
30055 0192 256.1 - 300 00050)‘" . 99.7
3.069 470 271.7 -10,6 .00294 108.6
3.074 673 261.8 -11.0 .00327 12.1
3,093 .90k 279.8 ~15.4 .00265 103.6
302 +969 067 Ly .6 -76.0 .00438 4.35
.989 180 92.6 =769 .00309 15.3 8hock
1.074 .286 129.4 -64,2 .00330 27.6 wave
1.190 A6 17h.2 ~50.0 .00307 46.5 has
© 1,355 .085 147.8 - 1.5 00438 47.8 reflected
1.398 .228 170.3 -26.1 © 00309 4.8 prom
1. ,4'87 . 57}4' 215 . ll- - 32 . 5 . . 00530 76 . 5 downstrean
10599 551"1 25)"‘06 =22 05 000307 99:"1‘ wart
1.619 Je7 195.8 - 9.0 .00368 70.6 of
1 ‘655 0500 25“‘-0 -15 .6 . 000308 8)-l-.ll- model.
1.704 L69 287.7 -14.5 .00326 134,8
1.766 660 292,3 -19.6 .00299 127.8
1.883 154 270.7 - 6.1 00308  135.0
1,916 JS3lh2 259.3 - 9.7 .00308 103.7
1.952 521 276.8 -12.9 .00326 124.9
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TABLE A-IV, (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V
Time, Position, in. Flow Speed,Ansle s Density, dy
psec X v 2t/sec deg’ slugs/ ft.5 1b/2t% Rema.rks

1.999 135 309.5 -16.2 00299 145.3
2.221 159 285.0 -13.1 00342 139.0
2,237 349 280.6 - 7.6 00340  134.0
2.266 .526 288.6 -10.7 00336 . 140.0
2,302 JTHT 312.,0 -13,7 00308 5.7
2.460 .166 299, 4 - L.2 00342 153.3
2,478 371 302.2 -~ 6.5 .00340 155.4
2.505 561 320.1 - 6.2 00336 172.3
2,528 769 323.7 - 8.3 00308 w12
2.511 197 317.4 - 2.5 . .00315 158.6
2.518 125 307.3 - 4.5 .00309 6.1
2,605 619 313.0 - 7.0 .00313 153.4
2,804 .217 326.4 - 8.0 .00315 167.3
2.806 RV 34,2 - bk .00309 180.1
2,812° 637 3244 - 3.8 .00313 164.8 -
2.819 865 321.7 -12.2 .00301 155.7
502 2.980 LATh 328.5 - 0.7 .00335 180.7
2,988 43l 323,717 - 4.9 .00321 168.4
2.997 633 335.7 - 6.7 00344 193.8
3.008" 848 326.8 - 7.4 00293 156.7
3,192 184 324.6 + 0.6 .00335 176.3
3,21k 443 321.3 - 1.4 ,00%21 165.8
3.21% 6U46 353.1 - 3.7 L0034k 188.8
3,257 .86k "528.1 - 8.7 .0029% 158.0
3.39% .210 24,5 -13.4 00315 166.0
3,335 459 325,0 - 4.5 00316 166.8
3.402 662 314.9 - 3.3 .00302 149.7
3.418 .888 321.5 - 7.9 .00305 157.3
3.599 215 305.5 - 75 00316 147.1
3.595 468 315.6 - 7.0 .00315 157.3
3,603 675 295,7 - 8.1 00302 132,1
3.626 .901 2935.0° - 9.7 .00305 130.3
L.002 13k 78.7 =T7.5 .00570 11,
1.101 230 108.3 -104,0 00314 18 2
1.246 349 167.8 -93.1 .00279 359.3
1:405 .083 154,5 -20.7 00448 53.4
1.479 ,188 172.6 -21.8 .00370 55.2
1.575 518 210.4 -11.8 00314 69.5
1.700 R itel] 217.0 =~ -38.5 .00279 65.7
1.722 110 215.0 + 3.2 .00376 86.8
1.768 273 238.9 - 5.8 .00298 85.2

-~
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TABLE A-IV. (CONTINUED) COMPARISON OF FLOW VECTCRS - MODEL V
Time, Position, in. Flow Speed, Angle, Deznsity,3 4 5
usec x Y £t/sec deg - - slugs/ft”  1b/ft° Remarks

1.851 431 266.2 - 7.5 .00358 126.7

1.903 612 281.8 -12.5 00326 129.4

2.019 139 255.2 - 3.1 00376 122.3

2,043 320 268.3 - b3 .00298 107.4

2.086 490 285.5 - 4.0 .00358 45,8

2,12 .693 302,2 - 6.3 00326 148.8°

2.346 .130 271.1 - 0.9 .00364 133.9

2.376 331 281.9 -11.1 .00318 125,7

" 2,400 .501 296.9 -~ 7.6 .00329 144.8

2.451 W71 321.9 -13.9 .00313 162.1

2.606 .156 295.8 - b1 .00364 159.4

2,621 354 302.9 - 6.9 . .00318 146.0

2.655 5k 311.9 -10.0 .00329 159.8

2.677 ST 337.3 ~-11.1 .00313 178.0

2.739 .190 316.6 + 0.8 .00347 173.9

2.739 U413 319.2 - 3.8 .0031L4 160.1

2.752 601 31h.5 - 5.7 .00301 149.0

2,771 811 331.9 - 4.3 " .00312 171.9

2.958 195 316.3 + 3.0 00347 173.6

2.971 434 319.2 - 1.5 .0031k4 163.7

2.974 626 329.0 - 5.1 .00301 163.1

2.978 .830 326.1 - 0.7 .00312 165.9

3,138 172 359.6 - 2.9 .00326 211..0

3.136 J21 350.3 - 1.8 .0032% 198.3

3.150 615 330.1 - 5.4 L0034k 187.5

3,161 828 338.3 - 5.8 .00295 168.6

3.357 .186 %20.9 - 4.6 00326 168.1

3,366 439 307.2 - 3.9 .00323 152.6

3.380 635 313.1 - 1.7 .00344 168.7

3,%91 841 31k4.9 - 3.8 00295 145.1

5.545 ATk 255,8 +14.0 .00359 117.4

3,554 Ly 266.9 - 4,7 .00289 105.1

. 3.559 653 268.7 -12.4 .G0301 108.8

3.57h4 866 277.8 « 5.1 - .00333 128.4

5,764 19k 211.8 -10.0 ,00359 80.5

3.758 kg 219.1 +18.4 .00289 69.4

3.754 653 221.2 12,0 .00301 73.7

3.764 877 233.6 +13.k 003533 90.8
378 ,960 .0k0 71.5 -142.3 ,0050% 12.8

1.006 .118 87.0 143.1 .00337 12.7

1.092 .ok 121.6 -14%0.9 00287 21.2

1.242 282 167.9 +65.6 .00323 45.6

1.492 .058 105.9 - -24.8 .00503 28.p
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TARTE A-TIV,

(CONTINUED) COMPARTSON OF FLOW VECTORS -

MOLIRE, V

Time, Porivion,

Tlow Speed, Angle,

ft/sec

deg

Density, .
slugs/ v

~
Ll)

2
1b/rtS Remarks

B
e S
D009 NNl

1.2
190.4
211.4

28 8

AN
“1 l’:- . 8
D80 .
208
sy
297,
309.7
2h9.9
258 .4
20,0
D765.,5
20k, 9
217,06
2005
294,14
208
207.9
S,
5120k

5.4
Jon

Sar]

1209
195,06
N
TR
4o (.
115k
1542

-31.8

IR

7

-2(.9

-

6.9

-1h.5
-186.2
-18.2
- 4.9
-15.6

-]

7.8

~15.5

2.9
3.6
8.0
5.6

~ 1.6

4.8

1.5

- 5.7

b5t

i L0
NI
+iph &
+53.0
!
450,
+49 .5
+i5.3
585 L
+652.6
+(:.-/_" .O

003357
00087
.00323
.00767
. 00309
.00%28
L0030

00307

00309

00328

.00315
.00366
.003%2
L0032k
.00%25
00366
L00552
L00%2)
,00505
,00321
.0032]
.00%17
L0030

L 005

L0090
L0031 7
L0000
LD0NRD
L0057
L00kiey7
L0053
LO0N:
00597
.00LkOY
L0053
L00h25
003565
L0041h
L00%3
,00k25
00585
L0041 %
.0038%

55,6
2.0
(2.3
95.9
B8 5
29 .3
1249
1.2
1.0 4
16
1517
11h.1
110.8
R
2h
107
76.6
B0.2
10,2
L5 e
1426
15,5
1ho.2
iy, f
05N
110.10
117.0

[P

b
P
900

55.5
57 b
5.1

o
-

L

&N

-

Cotm O

A

W

SO
O
S TS\

=
T —~7
Nt T
.
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TABLE A-IV,

(CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

™ x4

Time, Position, in. Flow Speed, Angle, Density, 4., »

usec x Y- ft/sec- - deg - -..slugs/ft’ 1b/ft“ Remarks

Lyt 921 - .009 97.9 -180.0 00752 36.1

0955 0080 lOO.lI- ‘176 n)+ 00035)4' 1708 .
1.03% BUT 139.7 -140.4 .00275 26.8
1.206 203 160.5 -147.3 .00323 41.6
1.516 b7 82.5 - 12,5 .00752 25,6
1.595 .130 127.8 - 24,9 00354 29,0
1.731 248 167.5 - 15.5 .00275 38.5
1.863 394 226,0 - 19.4 00323 82.5
© 1.934 .098 224.9 - 3.4 .00381 96.3
la987 0235 225.5 - 12 o2 500317 8006
2,073 376 245.7 - 15.4 .00343 103.6
2,155 5kl 265.2 - 20.7 00304 107.0
2,269 Jd21 262.6 + 1.1 .00381 131.3
2.287 0277 2)4'1.09 - 2.1 000317 92 07
2,356 136 260.4 - 55 .00343 116.4
2.2y 637 268.4 - 12,2 0030k 109.6
2,575 .123 Sk o - 13,0 ,O0L41 k6.0
2,608 <300 16,3 + 29,1 .00415 by b
2,639 468 154.5 + 25,3 .00396 k7.2
2,700 .666 158.9 + 26.6 .00380 54.2
2,794 145 97.5 + 15.9 LO0LL1 21.0
2.819 333 1.13.6 + 33,7 .00Lk15 26.8
2,857 .519 129,3 + 25.6 .00396 33.1
2,906 .73 130,2 + 22,6 .00380 32,2
2,989 .179 160.5 + 24,8 .O0LL6 57 &
3.016 .391 188.5 + 64,8 .00403 71.6
3,043 570 194,0 + 49,4 .00k12 77.6
3,067 .780 199.4 + 30,1 .00384 76.3
3.173 .183 115.6 + 60,3 00446 29.8
3,197 1418 135.1 + 42,9 .00L03 36.8
3.219 .599 163.5 + 49.4 .00k12 55.1
3,235 .807 193.7 + 46.2 00384 72.0
" 3.306 177 35.7 + 27.9 .00379 5.68

3,331 a8 58.6 + 26,6 00404 6.93
3.348 609 143.2 + 49,k 00431 31.7
3,578 .83k 12,2 + 35.0 .00340 32,1
3.489 192 46.5 +19.7 .00379 4,09
3.518 Lkt 63.4 + 51.3 0040k 8.12
3.530 6Ll 106.0 + 48,1 - .00k31 24,3
3.57h 875 158.6 + 51.9 00340 42,7
%.630 .203 48.0 + 32.0 .00%9 4 4,53
3.655 465 87.5 + 54,7 .00281 14.6
3,680 .680 132.2 + 51.6 .00376 32,9
3,716 .906 178.8 + 54,3 00400 63.9

19




TABLE A-IV. (CONTINUED) COMPARISCN OF FLOW VECTORS - MODEL V

Flow Bpeed, Angle, 'Density,

Time, . Position, in. aQ o
usec X y ft/sec deg slugs/ft” 1b/ft° Remsrks .
3,798 .219 58.5 +22.6 00394 6.Th
3.811 485 89.1 +51.6 .00381 15.1
3.832 704 151.1 +62 .k 00376 43,0
3.870 953 194.8 +55.8 . 00400 75.9
455 2.026 092 140.1 - 5.4 . 00384 37T  Mach
2.079 213 135.2 -13.2, 00339 31.0  neflection
2,166 351 148.0 - 9.9 .00363 398  pormed
. 2.251 505 166.3 - 2.0 .00338 46.7 £rom
2'535 '122 ﬁg’g '32’8' %gg’; §g‘8 downstream
2.385 27 . + 5.7 . .1
2.1450 427 132.7  +7.1 00363 32,0 o4 weflection
2.510 617 154.2 + 8.k .00338 Lo.2 about
2.599 (118 - 50.2 - 9.5 , 00450 5.66 in
2.624 309 60.7 -29.1 .00371 6.25- middle
2.673 485 82.8 -31.h 00374 12, of
2.740 .685 89.9 <314 ,00568 1.9 the
2.819 - 152 68.4 - 8.5 00450 10.5  podel
2.852 354 79.9 -18.4 00371 11.8 )
2,903 541 95.1 ~14.0 00374 16.9
2,950 ST 101.3 +11.3 " ,003%68 18.9
3,012 .190 66.1 +30.5 00403 8.79
3,031 L22 70.0 ~10.0 00386 9.46
3,065 595 ok,2 +15.4 .00382 16.9
%,10L .800 110.4 +23.6 .00370 22,6
3,188 .208 82.9 +19.8 .00k03 13.8
3.222 okl 84,0 +29.7 .00386 13.6
3.251 637 114.4 +26,6 .003%82 25,0
3.278 852 150.8 +30.7 00370 ka,1
3337 194 55.3 +12.5 .00368 5.61
3,364 A3k 77.9 +36.9 00408 12.4
3,591 660 124.6 +28.4 .003488 30.2
" 3.433 872 15L.2 +39.1 .00345 39.4
3,514 201 60.7 +37.6 .00368 6.78
3,539 AL 95.1 +47.7 .00408 18.4
3.577 696 133.6 +50. k 00388 3h.7
3,626 942 177.8 +Hih, 1 .00345 54.5
3,659 221 66.9 +45.,0 .00376 8.40
3.686 .508 117.6 +47.6 00346 23.9
3.722 732 143.0 +55,0 .00346 35.4
3,776 .989 204.8 +47.5 .00373 78.2
3.820 228 61.0 +67 .6 .00376 6.99
3,845 528 122.9 +66.6 .003L46 26.2
3.872 779 174.6 +63.4 00346 52.8
3.935 1.049 243.,5 +56.3 00373 110.6
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TABLE A-IV. (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

Time, Position, in.  Flow Speed, Angle, Density,s g,

psec . % ¥ ft/sec -  deg ‘slugs/Tt Il.b/ft2 Remarks -
493 2,064 .089 60.1 = -114.0 .00kh9 8.09
2,110 C 0206 %.7 vo- 80.5 10031“'.' 5060
2.207 03)'“"’ 6207 - 26_0}6 000378 751‘3
20376 ollh‘ ,‘l'2.2 - 21‘0 . ‘00)4-11-9 3099
2,421 - 277 59.6 - - k.2 +003Lk 6.12
2.9 . W31 62.0 - 34,7 00378 T.27
2.566 B2k 764 - 244 .00361 10.5
L2.621 W11k - 69.2 - 2.5 . 00k41 10.6
2,657 201 95.7 + 4.1 .00381 17.5
2,706 465 90.8 - 4.6 00376 15.5
2,772 666 112.5 + 4.8 - .003k9 22,1
. 2.85 146 93,4 - 8.4 .00kl 19,2
- 2,885 JShk 96.8 + 7.6 00381 17.9
2.939 532 113.5 + 14,0 00376 24,2
2.995 .51 130.4 +17.1 00349 29,7
3,043 .208 65.7 - 45.0 003614 7.87
3,061 416 82.6 +18.4  .00382  13.0
3.117 610 91.6 + 20,6 00367 15.4 -
3.159 .825 122.6 + 22,9 .00351 26,3
3.233 224 80.7" 0.0 00364 11.9
3.260 463 82.6 + 22,4 00382 13.0
3,302 662 106.0 .+ 31,0 00367 20,7
3.345 © ,892 137. + 30,3 +00351 33.1
3.353 197 63.6 + 12,3 00342 6.91
54595 - 456 10k.9 + 28,1 .00370 20,3
3,434 684 121.0 + 31,0 00397  29.0
3,490 ,919 165.2 + 34,8 00340 46,4
3.537 .219 71.2 + 32,9 00342 8.65
3.575 514 117.7 + 24,9 .00370 25.6
3,612 - .738 149,2 + 38,1 .00397 4h,2
3,68k .998 206.2 + bl.7 .00340 72.3
3,679 241 6.4 + 22,2 00356 10.4
<B4 550 102.5 + 33.7 .00350 18.4
3. 760 187 160.6 + 49.4 . 00355 . 45,8
3.836 1.054 225.9 + 50.4 .00379 96.8
3,832 .259 74.5 + 36.9 00356 9.89
3.868 .582 128.1 + 57.3 .00350 28.7
3.906 848 188.1 + 57.8 .00355 62.8
3,997 1.4 261.8 + 56.1 00379  130.0
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'TABLE A-IV. (CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

Time;

Positlon, in.

Flow Speed, Angle, Density,

psec x . ¥ - £t/sec deg * - 'slugs/fts‘ 1‘;:/31:2 Remarks .= . .
532 2.057 0072 ’ 5605 "26.6 .00’4-67 3011 ’
2.111 195 . 63.2 -10.9 .00319 6.38 Mach
2,222 337 57.2 -43.,0 . 00366 5.99 stem.
2,316 189 73,1 . -39.0 00344 9.18 reflection
2.399 105 2.5 + 9.5 00467 9.11 has .
2.502 A1k 81.2 + 2.2 .00366 12,1  with
2.%5 - 0615 76n7 '10.5 - -003""1" lO.l Vor'beih
. 2,662 112 98.4 - 2.1 .O0L445 21l.5

2,707 2095 . 100.5 + 2.5 .00355 17.9

2,751 . L6100 11245 +5.b .00362 22,9

2.838 671 128.6 + T.9 .00333 27.6

2.904 139 103.8 +11.3 00445 2k.0

2.959 . +351 117.8 +11.7 .00355 24,1

3,004 548 126.2 + 4,2 .00362 28.8

3.065 772 149.1 -1.6 . ,00333 37.0 .

3.061 . .190 99.3 + 1.5 - 00356 17.5

3,105 431 111.2 0.0 .00355 22.0

3-1&6 -621 11811 +lo.5 .000367 2506

3.206 845 153.2 +22.0 00347 Lo.7

3.260 22k -88.5 +11.3 .00356 13.9

3.291 A6 112.1 +24.0 .00355 22.3

3.338 684k 146.2 +#22.6 .00367 39.3

3.395 .206 1044 +34,2 .00326 17.8

3447 485 123.7 +32.6 00375  28.7

3.489 JT16 12,2 +#2.9 00366 37.0

3.556 964 195.8 +37.9 00307 58.9 -

3.568 . 239 68.5 +36.9 00326 7.65

3.626 537 126.8 +54.5 00375 30.2

3.679 .790 177.0 +57.0 00366 57.3
3,767 1.072 216.2 +49.9 00307 71.7

. 3,718 257 86.0 +7.0 .00361 13.4

" 3.756 yet 108.4 +52,1 00349 20.5

3.814 850 181.2 +53.6 .00329 54.0

3.91% 1.148 293,7 +9.8 00379 163.5

3.861 .280 70.5 2.5 00301 8.96

3.401 633 123.4 +55.8 00349 26.5

3.959 931 212.6 +60.6 .00329 Th.3

4.072 1.251 Lo2.7 +38.3 00379 307.4
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TABIE A-IV, (CONTINUED) COMPARISON OF FLOW VECTCRS - MODEL V

T:Line, Position, In. Flow Speed, Angle, Density,

q ..
usec X ¥ Ft/sec . deg. slugs/ 240 1v/ £4° Remarks
570 2.072 065 41,k -14,0 00452 3.87

2.158 186 71.7 -73.3 00346 8.68
2.249 311 74.8 +90.0 .00372 0.4
2.354 458 24,3 0.0  .003%68 28.4
2.432 110 82.3 ~24 .4 00346 15.3
2,475 255 82.0 -24.,0 .00k52 11.6
2.549 116 102.8° -15.1 00372 19.6
2;65)"‘ 1606 - 133 oo - 2-8 000368 52.6
T 2,711 .110 127.9 0.0 .O0LLO 36.0
2,749 297 124.0 - 1.k .00348 26.7
2.809 467 149,7 - 1.3 .00370 41.5
2,890 678 161.7 +2.,2 .00%35 43,9
2.950 148 117.0 0.0 00440 30.1
2.991 362 142.9 - 2.7 .00348 35.5
3.053 552 149.9 + 4.7 .00370 k1.6
3.129 770 194.8 +14.5 .00355 63,5
3.128 192 112.6 +25,3 .00366 23.2
3.163 431 113.7  +19.8  .00354 22.9
3.224 635 136.1 24,6 .00357 33,1
3.291 879 167.2 +16.h .00330 46,2
3.315 235 100.9 +10.8 .00366 18.6
3.356 .505 127.1 + 4.4 .00354 28.6
3.425 720 151.3 +27.6 .00357 k0.9
3.467 .961 171.2 +9.2 .00330 48.4
3.440 237 107.8 +18.4 .00337 19.6
3.492 Sy 109.2 +19.8 00397 235.7
3.539 763 143.8 +23.0 .00370 38.3
3.637 1.027 200.2 +40.6 .00351 70.3
3.590 255 83.8 +16.5 .00337 11.8
3.662 .588 134.8 +31.0 00397 36.0
3.722 857 1746 +31.6 .00370 56 .4
- 3.825 1.1h 272.8 +40.5 .00351 130.5
608 2.093 060 55.6 -10.6 ~.00L93 7.62
2.164 .168 60.2 -29,1 .00%28 5.9k
2.2h9 279 99.2 + 3.5 .00355 17.5
2,k21 458 128.6 ~ 7.9 .00332 27.4
2.4k71 .092 105.2 + 1.9 .00493 27.3
2.508 241 88.8 - 4.k .00328 12.9
2,596 403 113.2 - 9.2 .00355 22,8
2.708 .602 165.9 - 7.8 00332 L5.6
2.780 .110 133.4 -13.6 00462 41,1
2.821 295 152.1 ~20.4 .00358 b
2.888 465 188.9 + 2.2 .00355 63.3
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TABLE A-IV.

(CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

Position, in.

Flow Speed, Angle,

Time, Density, q
usec X y ft/sec deg - slugs/ft5 lb/ft2 Remarks
2,986 582 210.8 + k.2 .00316 70.2
3.011 .148 14,6 - 1.5 .00k62 6,4 3Small
3.069 358 148.1 - T.1 003568 39.2 portion
3,141 .559 (181.4 + 4,0 00355 58.4  of
3,241 <199 216.6 + 3.7 00316 4.1  Maech
3.163 .208 124.8 - 6.6 00361 28.). stem
3,208 Lt 139.6 +1%.0 .00352 34,3  hag
3.268 655 155.8 +15.1 .00332 40.3 reflected
- 3,353 .897 192.8 +20.1 00342 63.7 from
3,355 " 2k2 107.5 0.0 .00561 20.9  upstresm
3,403 508 155.6 +19.4 00352 42.6  wall.
3.467 LTh2 139.4 +16.5 .00332 2.5
3,528 .995 £23.2 +24.9 .00342 85.3
3.483 .251 95,3 +14.,6 .00313 14.2
5.537 530 42,1 +35.4 00371 37.5
3.399 789 174.6 +39.0 .003553 55.8
%.700 1.081 2224 +37,9 .00267 66.1
3,639 269 115.7 +37.2 ,00313 21.0
5.716 620 127.8 +35.8 .00371, 20.3
3,792 .901 197.9 +50.1 00353 €9.1
3.950 1.248 256.0 +45.0 00267 87.6
646 2,122 054 61,0 + 7.5 ,COUHA 8.67
2,196 <150 57,5 - f.3 00358 5,60
2.309 282 ob.h -45.0 00340 15,2
2,473 451 102.1 IO .00330 17.2
2,526 .09 72.0 + 8.1 ,00L66 12,1
2.555 237 110.8 0.0 00338 20.8
2.652 J504 120.0 - 9.5 . 00540 245
2,788 592 153.2 +10.0 .00%%0 38.7
2.832 Q90 141.5 + b1 L00L5], hs.2
2.885 271 149.8 +11.9 00371, h1.6
2,982 .4é8 157.5 - 4. 003555 bh.1
3,084 689 179.5 ~17.9 ,003541 49,0
5,080 L1468 133.9 + 2.8 00451 0.5
3,127 351 157, 4 +15.8 00371, %5.0
3.219 564 16k 4 +15.8 00355 18,1
3,324 .805 188.5 224 00341 GCL7
3,240 .199 146.2 +38.7 L00376 40,1
3,287 L67 147.2 +23.,2 00324 35.1
3.362 .680 159.6 +18.4 .00341 57.8
3,461 L9357 210.7¢ +34.0 .00332 T3.7
3.1 242 128.5 +36.2 00376 31.0
3.496 541 161.6 +31.0 L0032k 42,3
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TABLE A-IV,

(CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

et

Time, Position, in. Flow Speed, Angle, Dens:!:t:y,5 Qb g
usec % y ft/sec - deg ©  slugs/ft” 1b/ft" Remarks
3.546 765 187.7 +36.2 00341 60.0
3.653 1.053 246.8 +40.2 .00332 101.1
3,525 262 103.9 +19.7 00301 16.3
3.606 579 139.7 + 9.1 00381 37.2
3.675 850 196.1 +26.6 00363 69.7
3.798 1.157 2h2,2 +33.4 .00331 97.1
3,68k 304 109.0 +31.8 .00301 17.9
. 3.762 653 ©117.6 +42.3 00381 26.4
3,858 978 167.6 +34.2 .00363 50,9
4,002 1.300 242.5 +39.2 .00331, 97.4

685 2,149 .058 78.5 - 9.1 .00k51, 13.9
2,213 148 89.6 -14.0 00346 13.9
2,329 262 93.9 =37.6 00346 15.2
2.502 420 110.9 + 7.7 .00310 40.1
2,538 096 9k.8 -11.0 +O0L451 20.3
2.611 237 7.6 - 2.5 .00346 37.7
2,707 385 136.8 + 2.9 T ,00346 32,4
2,850 .602 134.8 -13.2 .00310 28,2
2,908 103 130.6 - 9.5 .00kT0 4o.1
2 . 955 ‘286 128 . 4 "1099 000355 29 05
3.033 L465 119.9 -19.5 .00349 25,1
3,140 671 153.6 8.8 .00340 40.1
3.134 .150 116.4 =15.9 .00k70 31.8
3.210 BTk 131.6 - 6.0 .00355 30.8
3.290 58k 146.8 - 5.0 00349 37.6
3.407 .839 165.2 + 6.7 .00340 46,4
2,286 235 147.6 + 1.3 00349 38.0
3.338 489 164.2 +16.1 .00343 46.3
3.432 .TO4 160.2 +19.7 .00349 4y 8
3.528 982 198.4 +17.2 00319 62.8

3,461 277 126.5 +14.0 .003k9 28.0
- 3,541 .568 110.4 +25.6 00343 20.9
3.620 .820 181.0 +34 4 . 00349 57.1
3.725 1.113 238.9 +37.7 .00319 91.0
3,575 .280 108.4 + 4. .00280 16.k
3.651 .586 123.9 1+27.9 00417 32,0
3.751 .888 18k ., +35.7 . 00428 72.7
3,883 1.214 320.2 +40,1 . 00331 169.7
3.722 327 ok.7 - 4.8 .00280 12.6
3.801 .689 119.7 +32.2 . 00417 29.9
3.903 1.009 259.7 +48.9 .00428 1442
4,120 1.396 330.5 +32.2 .00331 180.7



TABLE A-IV. (CONTINUED) COMPARTISON OF FLOW VECTORS - MODEL V .

ime, Positlon, in. - Flow Speed, Angle, Dens_ity,3 q,

usec . X y £t/sec deg - slugs/ft’ 1b/ 26> Rematks. o
723 2.195 .051 99.5 -15.6 .00507 25.1
2.278 132 93,7 -79.7  .00331 14,5
2.376 226 173.0 +16.5 .00353 52.9
2.609 A3k 162.5 ~-65.6 .00316 .7
2.613 .081 137.9 + 7.9 .00507 48.2
2.692 233 142,12 - 6.1 .00331 33,4
2.779 +389 127.5 -20.6 .00353 28.7
. 2.911 .588 161.1 +12.0 .00316 41.0
2.915 .096 120.0 +11.0 .00510 36.7
3,000 277 - 138.] +10.5 00348 33,1
3.089 A5 157.9 +24.9 .00398 49,6
3,221 .68L 172.2 +25.3 00327 48.5
- 3,185 1360 0 136.4 +1h.h .00510 k7.5
3.24Y4 W371 127.1 +19.2 00348 28.1
3,351 .579 132.3 +28.9 .00398 34.8
3.469 .86 202.2 +36.7 00327 66.9
3.365 237 103.8 +18.4 .00367 19.8
3.432° .516 140.5 + 9.5 .00407 40.1
3.503 .729 186.5 +34,6 .00405 70.4
3,628 1.013 226.1 +40.2 .00364 93.0
3.519 .201 97.1 + 3.4 00367 17.3
3,586 .590 138.9 +27.1 .00407 39.2
3,684 .863 188.1 +42.,8 00405 71.6
3.827 1.192 333.5 +42,2 . 00361k 202.4
762 2.240 .038 1342 - 5.5 .005k) L8.7
2.282 .112 157.7 - 2,5 00337 41.9
2.473 255 240.7 -12.8 .00323 93.7 Vortex
2.627 .39k 260.8 411,5 .00339 115.4 hes
2,665 .089 137.0 - 7.0 .00541 50.7 almost
2,743 228 120.3. -19.0 Q00337 24, destroyed
2.822 375 158.7 - b1 .00323 40.8 reflection
2.996 606 200,0 0.0 .00339 67.9 ‘
3.017 .109 160.8 - 3.8 .00439 56.7
3,078 291 156.8 + 1.6 .00343 2.2
3.167 RN 1743 + 5,6 .00381 57.8
3,290 .T16 165.2 +12.4 .00322 43.9
3,255 154 152.4 + 6.2 .00439 50.9
3,322 .398 15h.4 +14.,0 00343 40.9
3.404 .608 183.0 +25,7 .00381 63.7
3.568 .921 247.6 +29.2 .00322 98.6
3.%82 2h2 85.4 -10.0 .00331 12.1
3.465 521 122.0 +19.7 .00342 25.5
3.584 785 156.7 + bk 00341 tl'i
9 .

3.709 1.082 172.7 +21 .4 .00331
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TABLE A-IV.

(CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

Time,

Position, in.

Flow Speed, Angle, Density,5 B s

psec b'4 Y ft/sec deg - -'-slugs/ft 1b/ft Remarks
3.550 .293 118.7 +13.1 00331 23.3
3.657 626 156.9 +18.9 00342 b2,1
3,756 .30 20k4,7 +#8.1 © 00341 1.4
3.961 1,314 315.4 +33.9 00331 164 .6

800 2,318 031 103.3 + 5.7 .00613 32,7
2.408 .107 152.6 +20.6 ,00398 46,3

. 2,593 .228 © 151.6 +73.3 .00k29 49.3

2,822 3L 300.1 +58.8 00372 167.6
2,739 .080 156.1 - 4.k .00613 4.6
2,801 .208 128.1 - 5.4 .00398 32.6
2,924 365 185.2 +1h,7 .00429 7345
3,096 606 161.2 + 4,1 ,00372 48.4
3,098 .103 149.3 +13.1 00468 52.2
3,143 .293 115.7 -15.3 .00345 23,1
3,241 488 162.5 + 8.3 L0037k Lok
3.364 732 189.6 +20.4 .00305 54,8
3.322 .161 137.2 +17.9 .00L68 T}
3.380 412 130.5 + 8.6 .00345 29.4
3,501 .655 197.0 +1h, b L0374 2.7
3,659 971 200.7 +23.7 .00305 61L.4
3, 4h3 232 139.2 +30.7 .00329 3L.9
3,54 548 151.8 +30. 4 .00321 36.9
3.631 .789 180.1 +40.1 00325 52.8
3,760 1.102 315.1 +45.9 .00271 134.6
3.628 .311 159.1 +37.5 .00%29 h1.6
3,720 648 188.9 +49,7 .00%321 57 .2
3.837 973 281.8 +52.6 .00%25 129.2
h,055 1.377 260.2 +37,0 00271 91.8

838 3.152 116 143.3 + 2.7 00406 M.7 vortex
3,183 .282 167.0 +14,9 .00358 49.9 has

" 3.315 499 16k4.7 + 6.8 00368 49.9 pecome

3.456 767 190.5 + 8,1 . 00308 55.9 4ndistinct.
3.378 .179 168.1 #1514 .00406 573
3.440 421 169.5 +18.8 .00358 5L.4
3.572 673 236.% +3L.7 .00368 102.7
3.733 1.004 257.0 +39.8 .00308 101.9

876 %.228 .119 132.0 + b6 .00398 34,7
%,291 311 157.7 + 6.3 .00348 43,3
3,391 508 140,5 22,2 . 00348 34,3
3.532 778 183.3 +36.2 .00273 46,0
3,471 20k 124,1 -11.3 .00398 30.6
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TABLE A-IV,

(CONTINUED) COMPARISON OF FLOW VECTORS - MODEL V

Time, Position, in. Flow Speed, Angle, Density, QY o
usec X y £t/sec deg slugs/ft” 1b/rt° Remarks
3.530 452 167.2 +25.,8 .00%48 48.7
3.695 749 185.0 +45.0 .00348 59.5
3.852 1.103 286.2 +55.2 00273 112.0
91k 3.273 123 '118.0 +13.2 .00L07 28.h
30521" .515 8807 - 2-1 .00511-2 1305
3.440 528 121.7 - +31.3 00345 25.5
3.606 832 187.2 +31.2 .00296 52,0
- 3,489 201 61.4 + 2.7 . 00LOT 7.7
3.583 L7 . 113.5 i25.6° 00342 22.0
3.713 767 166.9 +45.0 00345 48.0
3,91k 1.192 278.2 +32.5 .00296 11k.7
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